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A Climate Hypothesis Describing the Solar- 
Terrestrial System as a Frequency Domain 
With Specific Response Characteristics 


Douglas A. Paine 

Biometeorology Unit 
Cornell University 
Ithaca, New York 

The evidence for and against sni.tr vaii.tliiliiy 
influencing weather and climate is lit-sci Lv emt- 
fliding resulu (e.g., see C!o 1 i 11 jt-ig, liHt'l. Tlih 
nude will examine a new point of depasture 
that is designcil tu complement simple iuuk- 
arri-efTecI nieiltodologtcs. The study is I cue I 
upon an analogue to cimtcni|jnTmy >|u.iimnii 
physics. 

Individual atoms are knttwn in exhibit dis- 
crete absorption and emission responses in 
incoming radiation. John Jacob Hal titer's 
1885 description of the visible lines in die hy- 
drogen spectrum was soon extended lay Ly- 
man and Humphreys tu inctuda both the ul- 
traviolet and infrared components defining 
the simplest atomic element. In ihe late 
1970's t decided to test a climate concept 
based upon ihe known variability of incoming 
UV radiation and outgoing infrared that also 
displays a similar discrete free pie tics re- 
sponse. This response is primarily mninillcil 
I* die triaiomic molecules of 0,. H>0, and 
CO; that exist ns diabaiic.il [y important trace 
gases within eat ill's atmosphere. 

The experiment produced its most notable 
success in predicting die I9HI-I ( .IH2 wittier 
temperature depai lures evaluated by a power 
spectral lechnique \ Paine. I WJ|. These te- 
nth were promptly followed by a s|x-ii«tcul.ir 
failure this past winter when emus of up m 
Hi °F between the observed and die expected 
departures were registered over the Midwest. 

The elapsed time between these two results 
Rave ample opportunity for spmilaling upon 
hlty tile complexity of dimale might he well 
suited to the worldview tillered hv qu.iimnn 
theory. Both the success and thr (ailuie locus 
on ihe po&iulatied impoi lance of sign i In am 
fhanges of ainiasphcrii stability hv ilials.it i, 
processes that is in keeping with die emphasis 
provided by Max Planck in IlNMi. Specilicallv. 
Planck had the insight to avoid a detailed de- 
scription of die diverse phenomena associat- 
ed with electromagnetic physics. He stiove in- 
‘fcad for a single mathctnaticiil statement that 
•wild describe how a simple hainwinic osi.il- 
hior was excited nr damped hy changes in 
die stability of its surrounding envirniimcnl. 
in doing so, he accomplished a unifying tadi- 
amn law that was able in accommodate nut 
i V ' D ng (e.g., infrared) and short wave- 
lengths (cosmic through X rays), but uliraviu- 
lH frequencies lliat appear to (rigger it n pur- 
Dm changes in both the biological at id the 
thntate domains. 

Tropospheric- 
Stratospheric Stability 

Omi discussion begins widi die dociiiiiciita- 

w of stability changes linked to the onset of 

major drought. I have always been curious 
«wu a discrepancy that first came lo my at- 
.• , 0 JI In mid- 1960’s: nmnely, prepant- 
."oftempemture-heigiu proliles for the 

, ' “ x, 5)'sion to the ICAO Standard Atino- 
V" f Fl pire I ) revealed some signilienni 
... ren ^ es between data gathered in 1054 
"2.ihai compiled in 1962. The 1954 

mum ln ® Py°file rame during a sunspot mini- 
rate Shi™ ' ^picted an isothermal lapse 
2 s 1 , J ’’’l l " e lr opopause boundary to near 
(...j ■' 1 l profile showed a more con- 
amr | IK,l ^f rrna * topse rate ( 10-20 knt). while 
W- ir it ,al i,,vers '°n was found in the 
ihat n toyer. Rocketsondes confirmed 

® ” ron 8 inversion from 10 mbar (30 km) 

heatlno ■ 8 * 5m ^ re Reeled maximal diabadc 
ihai i„?° Wln ? tQ ox yK cn photodisassocialion 
arv. reaset * ^ward the slratopnuse bound- 

l»«ed « t l" C - rc P? , 1 c 5 r ini 8 hl have easily 
Nonh«iI n01 exce P l rhat much of the 
iccorri r, 1 e!t P e rienced its worst drought of 

dmwnthauh 96 , 0 ' 1966 - Ntmi(U 1,9661 had 

Fi eilr - „ 31 lhc driest period, as depicted in 
comi, ic^ff ParaUeicxI by abnormally cold 
«ied thi, shelrwa,er from 19GS-I966. He 
lhe ai ‘K ,ie efiecUvely that 

timid he n ° 1 ,e lower lr opospheric column 
— x P«ted to enhance the static stabil- 


igsiEjir 



ity and thus decrease the vigor of prccipita- 
lion events over the nonheavern United 
Slates. 

T he 1952 lemperatuie-liciglit diagnosis ol 
delectably greater straiospheric smhilitr, com- 
meucing near 20 km, suggested that a kind 
of resonance in enhanced stability in Itutli the 
Ujwer tiuposphcric and the stratospheric re- 
gimes may have contributed to the drought 
situation. Was it, therefore, only coincidental 
iIihl the more stable profile in iofiL* tame 
only 4 years after the strongest suns pot maxi- 
mum of record (2U9 sunspots), as monitored 
during the International (Geophysical Year 

(1958)? 

Likewise, the recent I98U-1982 coinpusilc 
of accumiilaicd precipitation dcpnmircs 
shown in Figure 26, with its notable deficits to 
the lee of the Appalachian Mountains, follows 
closely after the second strongest (yearly) sun- 
spot maximum of record. The excessive in- 
coming ultraviolet, peaking near Dcccmbei 
1979 r«s shown in Figure 3, would be expect- 
ed to enhance the riialiaiic release of heat 
(142 J mol -1 °K' I | associated with o/one pro- 
duction in the middle to upper suaiusplieie. 
The consequent downward diffusion of this 
heat could have conceivably strengthened the 
positive lower siiaiusphcric b[ise idle miiil 
1957. (The forward phase shift in the ‘snkir- 
iniluccd' stable mode shown in Figure 3 rep- 
resents an idealized schematic. It is inc.mi to 
account lor the elapsed time ul 2 or 3 sears 
that would be required Itelurc the riilfusimi 
process signilicniulv reduces the depth of the 
isothermal lapse rale.) 


I.TKlVIl — J' 

>1 
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Fig. I. Temperature height purities in 
tin km l"i a die IS. Si.nid.il <1 Aluitopheu . 
ilcpiLting the 1954 versus I'Jti'J ■■bseited 
dilfci cmes in si i an spheric lapse rates 
above 20 km. 



Fig. 2a. Observed 1963-1966 cumula- 
tive precipitation deficits. Isopleth interval 
equals 10 Inches (254 mm). Maximum 
1960-1962 cumulative deficits of 20 inch- 
es were confined to a narrow corridor ex- 
tending from Concord, N.H., to Bridge- 
port, Conn. 
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Fig, 2b. Observed 1980-1982 cmiiula-,; 
live precipitation departures relative lo 
30-year mean. Isoplelhs labeled in inches; 
dashed lines and shading represent ex- 
cesses, solid lines designate deficits. 
Sources include 1980-1981 Loral Climato- 
logical Data (National Climate Center) and 
1982 (preliminary data) published th me 
Weekly Weather and Crop Bullenn 
(NOAA/USDA Joint Agricultural Weather 
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Fig. 1. SoLii cvelo 21 Lonipjted in 
mean of cycles 8-2't. Mean mouihly sim- 
sptil values (H.) ft om Solar-CeoplivsiiiiL 
Data, U.S. Uepiiiimciii of Cum metre, 
Boulder. Colii. Date marks indicate June 
of each year: cycle 21 began June 1976 
and is projected to end June 1987. 

Mnwuvci, die April 19H2 erupiion ol LI 
Cl tii hull added additional complexity tu die 
situation. T lie vuli.mit dc4 iris' uhseived tein- 
[ijiccmeiii of lower siratosplierii wanning 
Kuning in pliase with the qiiasi-hieiiuial usiil- 
laiioii (QBO) may have lieen stiuug enough 
to override the expected trend ill the Last to- 
ward enhanced staliiliiv well above the irn|Hi- 
pause. Pnikn anti Itwwiiwifmbr \ l!WH| repot I- 
eel a +li°K l + 3oi wanning at 30 iiilmr over 
e(|iiaiMTial laiitiules, a .Ml n;iii> m ili.il aiiuallv 
may have reversed die ex|R'ited pusitite lent- 
pet atm e giailieni abuse 24 kin. hitliet way. 
the phasing of ihe puyiiiic temperature trend 
induced In (JIIO-KI Chklimi working in (Mil- 
miii to .liter the luwei stramsphei it si.tbiliiv. 
in the coupled i ole of enhanced siubiliu in- 
fcTicd li mn I'ttiO in 1 1 it ili, ilirei is our .nieii- 
■ i> Hi to the II1.II1IK.-I* in wlikh disci se elieigv 
sointes are able m rrinloree m to t am el mie 
a i» a her. 

On the Importance of 
Resonance 

At the end ol the severely cold 1976-197K 
wimeis. nn inleicsi in the physics of dimaie 
grew when a Cornell colleague showed me a 
wiii- ul i hi M’s like lli.il depicted in Figure 4. 
A, Nc« A oi Us ■ lini.ilcilugisi. Buvd I'.okli.id 
been pluitiug die 20-ye.u miming averages ol' 
winter seasonal tempera lures, utilizing data 
extending hack to 1892. These curves indicat- 
ed that die recent period over the interim 
Northeast has been cooler than any prei inns 
decade in the 20th cent tin. 

A careful inspection of the Decentber-Feb- 
ruary running averages revealed a notable ac- 
celeration of Iniigleriii warming (1923. 1033) 
and delav in lime-averaged cooling (1954, 
1965, 19^6) near the onseL of five out uf sev- 
en sunspot minima ( 1 )- Two questions came 
to mind as l studied these nines: (I) What 
could give the temperature graph the appear- 
ance or the output generated by a thermal ca- 
pacitor that slowly 'discharges' to reflect di- 
minished heat, input during one phase (maxi- 
mum to minimum) of the solar cycle? (2) 

What could then cause this same thermal ca- 
pacitor to Te-cliarge’ vigorously (or entrain 
heat) beginning around sunspot minima? 

The answers might involve the tendency for 
cold air masses spilling southeastward from 
Canada to extract considerable latent and 
sensible heat from the Great Lakes or die 
nearby warm waters of the GulT Stream. IF 
so. then the geographical dimensions of these 
heat storage areas would present, the poten- 
tial for resonant interactivity between solar, 
atmospheric, and, even liydrosphcric energy 
sources. 

From the quantum viewpoint, we ran en- 
tertain the abstract notion ihnt the Great 
Lakes exhibit natural harmonics in relation- 
ship to the I l.2-year periodicity of the sun- 
spot cycle, just hs this cycle is Itself ti harmon- 
ic or the 00- year (ilcissberg cycle l9S0j. 

The large-amplitude patterning of the pre- 
cipitation deficits. Shown, in Figure 2a— look- 
ing very much like a ’standing-wave’ config- 
uration excited over and amplifying to thq lee 


. • .• i 

Fig. 4. Running 20-year averages of 
winter season (Dec.-Feb.) temperatures 
fF) in die Finger Lakes region of central 
New York. Length of data record: I80ji- 
1983 . Arrows indicate timing Of observed 


of flic ( 'iL'.il Lakes— suggests this Mtnplilving 
injiicpl is applicable to the physics ol climate. 

Nested primitive equation modeling ol clas- 
sic la ke-e fleet snowstorms by using moist din- 
bat ic physics [Kaplan and Paine. 1973| had 
earlier revealed an overlooked subtlety iti the 
dynamics of vigorous air-sea exchange: that 
is, not Duly docs it require relatively cold flow 
down the length nr the longest lake letch, but 
the triggering atmospheric wave generates 
die largest response when the dimensions of 
lhc energy source or heat reservoir represent 
some hat monk of this wavelength. 

Climate Complexity and 
the Laplace Transform 

Just prior to the unprecedented I97K-1979 
winter with its severely cold departures tic toss 
the entire cnniigiinus Ih tiled State’s \fjinz. 

L 9 XIJ |. Figure 5 w;ih (.nil'll! lie ted ft out lhc oh- 
seived entiling padi-m exhibited since 1951) 
and was id crilly updated anil cxlc-iidi-d to 
the- expet led liming of the next suiis|hiI mini- 
mum in 19K7. The iu.illii-niiiiic.il Itiiinalisiii 
used to generate and inter prei lliis cinve is 
based upon u svsi cilia tic and elegnm proce- 
dure widely used in iln- study ol leedli.uk 
and cuutiol. L he cniupk-xiiy of climate built 
it pint lot dug liliu’lious tanging over a vast 
vurietv "I time stales seems |tarticiiliiilv suited 
lo this l«n in ol .inals sis Ix-iausc it requires 
knowing only ihe governing pet iodic it ics ami 
response amplitudes charuclciistic of the dy- 
namic -d system, t l he I 1 . 2 - and MM-veiir sun- 
s|Hil neles. |iliis the ■ommoiils obseiwd 
range of wimei asei.iges in the Xnithcust 
spanning ±7*F (7TI) — nr U.7°h mi the 20- seat 
running average stale — set the uccessats pa- 
laiueiets in I'igme hi diis lie. it mem. une 
is asked in imagine » sol.it -ti’ii cm iial 'liunii 
cuiii posed of di.ih.ilir eitetgs e.q*.n inns, in- 
dtictuis. and resistors lli.it .tie lomhined mini 
■ »ne mu lies a desiied ■■mi •■me tepln aiing the 
behaiiot of the plissic.il sssitiu at I i.incl The 
i cadet is telei red to the appendix m Snhnlm- 
huff mih/ li rdhefjcr \ IS Hit i | lot a more detailed 
elaboration. 

The tup right-hand corner of Figure 5 de- 
picts the resultant latpiace Irausfuini of an 
ll.2-vc,u peril hIicii v cli.iuu osei tlireesol.n 
c sties, after first ncgleciiug the siipet posed 
longterm periodicity I rum 1954—1987. T he 
curve at the bottom of Figure 5 shows how 
the miiuniJ of ohsrrvecl Zurich sunspot num- 
bers for cycles 18-21 idplures llie ensemble 
effect of cnEiaiiced heat entrain mem com- 
mencing with 1954, 1965, 1076, and 1987. 
The hiier year is the projected liming of ihe 
next sun spot minimum as documented in 
Figure 3 and Lincoln [ I979|. 

The value in fm nut la ting this background 
trace is that it provides a quantitative point ot 
reference for ' reading' either gradual depar- 
tures from die idealized trace — like the recent 
flattening of the projected cooling trend in 
the I980's — or the sharp departure associated 
with the 1982-1983 winter, hi the former 
case, the particularly unsteady profile prior lo 
1920, and die flattened peak associated with 
the relatively warm winters in the 1940's, in- 
dicates that greater heal exchange fluctua- 
tions may prevail near the long-term winter 
temperature extrema. The recent 1982-1983 
winter anomaly may therefore represent a re- 
turn to a similar period of greater year-to- 
year uncertainty about seasonal departures, li 
is also interesting to speculate whether the 
1983-1984 value for lhc 20-vear funning av- 



Fig. 5. Observed and projected 20-year 
running averages. CF. °C) for winter sea- * 
'son in central Newt York. Upper right- 
hand inset depicts Laplace f unctions (see . 
appendix) fi t to. (he 1 1 -year sunspot cycle, 
years of rhlnitna as indicated. Zurich sutj* 
spot numbers (fl r ) plotted at lower portion 
; of diagram illustrate the observed (aiid , j 
1987 projected) reversal in ihe long-term 
: cooling trend at sunspot minima. Warm 
anomaly (cross) registered In !98<J-19H3 _ ■ 
.winter yielded a -f 1 ()*F error in expected 
seasonal average baited upon solar U V 
njod ula lion (i.e., 29.4°F observed ; vc.f$us 
19"F projected). ■: . . .. < . 
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crage will rciurn inward (he previous extrap- 
olated value oi remain near Lite new plateau 
established by Iasi winter's anomaly. 

A ‘climate circuit’ designed around the La- 
place technique tan easily include either a pe- 
riodic QBO effect or a single-incident compo- 
nent like dint of a strong volcanic event. Fur- 
thermore, the inferred alteration of 
slralo-sphcric stability by F.l Clitic lion's sulfuric 
atid haze layer emphasizes the inqxmam role 
of anomalous albedo duration at any atmo- 
spheric level. For instance, die record length 
or ano weaver throughout the Northeast in 
the 1977-15178 winters [see Dewey and Heim, 
Jr., 19821 had earlier suggested the need lot 
adding an 'enhanced albedo* component to 
the mathematical circuit to account for lower 
tropospheric chilling. This cooling dropped 
the observed winter averages 2 6 F below the 
expected solar-induced departure, while the 
alaence of an elTcciive snowcovcr albedo this 
past winter may have contributed up to nne- 
iliirtl of the +G"F departure (relative to the 
30-yr mean) observed over western New 
York. 



Direct Versus Indirect 
Solar Signals 


.. a _ — r _ — tin: 

and O ntana. These clifTercikcs np|HMr lu ar- 
gue in favor of the importance ofin situ dia- 


balie heat sources in generating the idealized 
(indirect) 1 1 -year signal, while latitudinal or 
com mental dependency (direct solar heating 
and bulk heat transport) would help to shape 
such long-term references as the 90-year win- 
ter means of 25.4° F versus I8.7T in central 
New York and the St. Lawrence Valley Re- 
gion, respectively. 

More recently, an 1 l-year thermal signal 
has been confirmed over northern Europe 
yet is notably absent over central Asia [see 
Ken, 1982). These equally meaningful null 
results obtained over certain portions oFthe 
globe, and nut others, may be tied together 
by a common dynamical thread. Fur instance, 
the lack of a delectable I l-year signal on this 
continent occurs next to the cold upwellimr of 
Paafic water along the West Coast. In cenlral 
Asia, or Canada's Hudson Ray region, warm 
surface waters are essentially unavailable for 
heat transfer in winter because of their om- 
rigln geographical absence or substantial 
snow and Ece cover. I refer to such regions as 
diabaucally dormant’ portions of the globe, 
just as other areas and atmospheric levels are 
qualified as 'active. 1 

In the rase of the Tar South (below 35*^), 
the cold air intrusions over the warm Gulf of 
Mexico are more sporadic from wimer-to- 

SS^tfSS! 1 2V hc iatitude - of ,he Greal Uk « 

(40° 45 N). The tout hern intrusions often 
produce the most effective atmospheric heat 
realization when latent heating is maximized 
tanner north over die eastern United States, 
a process that requires major macrocyclngcn- 
csts and its embedded vigorous convection to 
reach peak efficiency. 


Role of Intense 
Convection in Coupled 
Dynamical Studies 


Before attempting to relate how UV modu- 
lation iff Stratospheric stability might help to 
account lor a solar-induced thermal signal I 
feel it is important to explore the possibility 
ihaulic hydrological cycle unci the observed 
discharge oi a major uorilieiuteni river may 
be inked to the 1 l-year cycle. This will lend 
added credibility to the postulated imnor- 
taiice of latent heat release, since only convec- 
tive norms am approach the 100% efficient 
conversion of water vapor into condensate. In 
i contrast, macroscale uplift hi winter cyclones 
, absehl conveciiuu Is only about one tenth as 
refficiant m precipitation production. YYc l will 

.•AuO JV3.nl -In fVrmimntii thnt «-!• ■ 


Fig. 6a. Maximum entropy spectra of 
Susquehanna River discharge (1900-1970. 
Harrisburg. Penn.) indicating 10.91 7-year 
peak and first harmonic at “0.2 year -1 . 


_ Currie [19791 published evidence nf a solar 
signal in surface air temperature over North 
America utilizing the maximum entropy 
method (MF.M) of S|jcctral analysis. The larg- 
est amplitude of the observed 10. 7- year signal 
( (, .3 0 C) was found over (lie Northeast. The 
depressed them ml peaks near the time of 
sunspot maxima led many investigators to 
I huh date a direct sunspot-climate link: that is, 
the dark u ml ir a/pen umbra distinguishing 
sunspots liavc long been thong hi to reduce 
the net solar output by a few tenths ul 1% 

(see Hoyt, I979|. 

The indirect mechanism of ultraviolet con- 
trol over diabatic hen ting of the lro|*spliere 
by modulation of major storm i ness — en- 
hanced I nun sunspot miniiiium-to-maxi- 
mum— which is postulated here dues share 
one tiling in common with Currie’s result. 

The inferred sunspot signals in hotli studies 
weakened toward the far South mid were ef- 
fectively absent n> the west of the Continental 
Divide. In fail, this investigator fmi ml sub- 
stantial differences in the 'id-year running av- 
crage curves across the (jOU-km length of 
New \ork state, seemingly dependent upon 
the proximity of the five regional profiles (av- 
eraging 12 stations per srciur) to lakes Erie 



Fig. 6b. Predicted mean monthly dis- 
charge (1971-1991) in ft 3 s -1 . Both fig- 
ures adapted with permission from May 
[I981[. 


vania, centered within the Susquehanna wa- 
tershed. This 27,500 mi 2 drainage basin 1ms 
only |imited man-made modification above 
Harrisburg, and ranks as (lie Inrgesi such ba- 
sin in Hie Eastern United States. The Susque- 
hanna River is shunted midway between the 
eastern Great Lakes and the mean location or 
the Gulf of Mexico sionnlrack that runs be- 
tween the Gulf Stream and the Appalachians. 
A/ay j IPS 1 1 found a 10.91 7-year periodicity 
and its first harmonic, as well as a possible re- 
flection of the QBO. The same technique ap- 
plied to the mean yearly sunspot nuniber 
(1900—19/0) revealed a l U. 54 9-ycar power 
spectral peak, including its two harmonics at 
5.280 and 3.495 years. 

A prediction model described in May's M.S. 
thesis is an autoregressive or feedback system 
where 300 coefficient, involve one-half the 
data length. The 1950-1970 test prediction 
from the 1900-1950 Lime series showed ihat 
individual 'flood 1 or ‘drought' years were not 
necessarily captured by MEM; however, the 
5-year composite uf the integrated discharge 
was more skillfully represented. As a lecent 
example, the 1971-1991 prediction shown in 
Figure 66 missed the excessive precipitation 
year ot 1972 which included Hurricane Ag- 
nes and runoff from heavy winter snows gen- 
erated by a major Nor’easler. but the outlook 
captured some of the record wetness in Lite 
late 1970's followed by the very dry begin- 
ning to the 1980's. 

Embedded in this predicted period is the 
so-called New Jersey anoxia (oxygen-dcple- 
uon) incident involving large kills of shellfish 
m the New York Bight region during the 
summer of 1976. This is the same year a sim- 
ilar anoxic condition of El Nifto last occurred 
off Peru, prior to its 1982-1983 return that 
covered a record eight million square miles of 
the equatorial Pacific. (Although the 1975— 
1976 winter was also labeled oF 'anomalous' 
character over North America, the first 2 
months of that winter were distinguished by 
sharp cold over the East, as opposed to the 
record warmth LhaL began the 1982-1983 
winter. The detailed comparison between 
these two winters suggests care must always 
be exercised when assessing the relationship 
between + I0°F departures over the north- 
central United Slates and unusually warm Pa- 
cific water in ilm 


. . , v,uiu ra- 

c | c in the t r op,cs. For instance, repeat- 
ed cold outflows from Siberia maimainethm 
unusually large and intense Aleutian low over 
me tin 1 1 of Alaska, representing a very effi- 

2S * e ™ bI , c heaL pump near 

60 N latitude [sec Wiin-Niehen, 1982]. How- 

Voir ci l i. l -- ,lC ,hal ,llc n,ore modest 1975- 
tH7b hi Nifto was marked by +4° to +6°F de- 
partures over the Northern Plains.) 

In assessing possible anthropogenic (toxic 
waste dumping) versus environmental Tacioi* 
that may have contributed to the 1976 oxy- 
Rcn-dcpleimn incident. I will quote from o 
summary byA/*** [10781. ^ , , 

bi °rF ical ac,ivil y E horizoiita! 
p J r ° r, ‘* 5 examined along the 
Wem Kalxiard. Both zooplankton and phy- 

' SSIIm"' ^ U * fishl arc aswciat ed with P 
En t? peaks hi Hwe frequency distrl- 

buiion that descrilws barotropic and liro- 

cMc (storm’) disturbances in this domain, as 
wellas annual, diurnal, and intertidal axles.* 
Mooers continues: 1 ; 



•. , ^.uuinuun. ivc Will 

also want |o document that triggered convcc- 
tive activity iri both the atmospheric and the 
COT linen tafslielfwaier regimes has a crucial 1 


si ratification about a iiumili carlici iluii 
normal. An intense.- and pcisisii-iu lilunm 
of Cemtium tripos in the region may have 
been ‘supported' by this intense riensilv 
si ratification; its evcniual deiiiiii]»isiii<iu 
could be expected to cnnlriliiilc to |a| ie- 
ductiou uf the dissolved oxygen concen- 
tration in the lower layer. [ Upper and 
lower layers are with respect in the tlier- 
niodine. while ‘supported' is a double en- 
tendre: (1) The strong density stratifica- 
tion physically supported the Crnitiim; 
(2) it provided a physical niche they 
could exploit and monopolize to outturn- 
pete otlicr phytoplankton lor light and 
inilrienis.) The anomalously early strati- 
fication obviously eliminated vcmiluliim 
of the lower layer by free convection. As- 
sociated with the early utuiospheric 
warniing was an early cessation of the 
wintertime weather cycle of vigorous cold 
fronts and cyclones. This could lie ex- 
pected to reduce the amount of forced 
convection produced by wind stirring of 
the upper layer. Other factors canic into 
play with a shift of the weather cycle. In 
early summer, a several-week period of 
weak but persistem winds with a |H»le- 
ward component occurred oil' New Jer- 
sey. driving coastal upwelling. Associated 
with the upwelling was an nnwclling (on- 
shore flow of lower layer water) of milri- 
en(-rirh and oxygenated water from the 
outer to the inner shelf. During this peri- 
od, the dissolved oxygen concentration in 
the lower layer decreased at an anoma- 
lous high rate and reached a level much 
lower than the usual lale-summer mini- 
mum. 
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Major storms with central pressures or less 
than 1000 mbar (100 kPa) are invariably ac- 
rompanied by a break in the irapopause 
boundary which serves to separate the strato- 
spheric and tropospheric regimes. (The 
height or the troposphere, globally averaging 
between 10 and 16 km, has been observed to 
osciliate by 0.5 km with an 1 l-year periodicity 
over the equatorial Pacific, peaking near sun- 
spot maxmia. This study by Gag, and Reid 
11981] was limited to data obtained from two 
radiosonde stations, the lime series itself be- 
ing restricted to two solar cycles. It would be 
interesting to perform a spectral analysis of 
the varying thermodine depth— the ocean’s 
analogue to the tropopause— provided a 
more suitable time series was available ) 

A irapopause break and its attendant fron- 
tal discontinuity (thermal inversion) enrich 
Uie troposphere with storm-producing cy- 
clonic spin by creating the downward trans- 
porl of stratospheric air. Such air is charac- 
erized by large magnitudes of positive poten- 
ital vorticity or potential cyclonic spin once 
the aimosphenc column in question is desia- 
biltzed by diabatic healing at iu, ba,e. Storms 
o thi intensity are a|so found to enhance the 
planetary boundary layer’s upward: flux of 
sensible and latent heat by 1-2 orders of 
magnitude Thq sunspot component of the 
qmnituni climate hypothesis effectively asks 

fQWinT»nH , | Ql 3 u h ,ncidenu °f tropopause 
folding and breaking are somehow augment- 
ed when a lessening pf the incoming U V ra- 
diauoh pulu im significant ? plsodet of lower 

stratospheric, destabilization. 

bu ^K : «dted by the . 

t eaC at ^ Qf a iropo- 
lori&colUmm these of . 


splu-rii insiiihilitv woukl must likely h,. I 
i.H hc.l iu im idniis ol negative b U( iL w I 
.in ih.it desi ends because it iscoldaSi 
surrounding environment. The fanC?? 
stem ill negatiyely Imoy.m, air would 2 \ 


when the O r diah;ilit heal «m rce and T 
<|ti«Mi( dim* it ward dillusion of heat | V- 
islu-d, elkx lively lejjhuing the mode,, £* h 
si.,., front 21) to 311 km shown in Figure d 
with an isothermal lapse rate below 27 kl 
Sue], episodes oi i.uense subsidence, 
ginshed by li.en descent of large pwuiw,; 


lies ol piiieiiiijtl voiticiiy, are m-m likeh 'l 
inggered by the momentum denosiiiotL 
mg I nun verik-ally propagating, internal 

imivllv u-:,,.., i T I..... ^ " 


gravity waves. These acoustically modified 
waves often originate in the troposphere 
wile lever strongly sheared How is round 
crossing undulating terrain [Jam and 
Htiughitni, 1971], as well as arising neartbc 
stream cure within so-called 'jet sireakj'ir 
timing wave-induced (Kehin-Hclmholizj* 
hiilencc. ' 


flic cii] nihility of vertically propagaiin, 
waves to produce narrow zones of mum 
Linn deposition wherever the wave ijxt « 
locity encounters a hackgrnuiid flow of 
magnitude is usually met at the level of iT 
sharp transit ion in the lower stratospheric 
lapse l aics. The momentum surges neath 


this level of deposition arc capable ofdisch ! 
iug relatively cold layers which thenoremi 
wanner air, commencing the descent of* 
denser volume with its large potential nro» 
ly toward the irapopause. This investigate 
lias found that the above sequence of eicra 
typically precedes trnpopause rupture by S- 
12 hours [Paine and Kaplan, 1974]. 

The critical climate control of more fre- 
quent cyclogencsis in the troposphere cruH 
therefore be exerted by simply providing 
through UV modulation a deeper imiherei 
lapse rate in the lower stratosphere. (TheH 
(3iichAn-QU( J destabilization of tiiis saint 
zone is likewise pustulated to have over- 
whelmed the an rent solar-induced lendtw 
toward stabilization, perhaps even creating 
volumes with an uncharacteristic leraperaun 
decrease with height ne:u 25 km to promw 
even more frequent macrocyriogenesis.) 
Equally vigorous packets of upwartl-propi- 
gating, internal gravity waves could only p 
(luce negatively buoyant plumes cajubleol 
leaching die tuq Mtpau.se Ikiii mlary in iheiiv 
of mi isoiliei mal (or even less stable) emia: 
mem prevailing iroin 211 to 27 km. A mode* 
inversion dniniuuiiiig at these levels would 
mitigate against high potential viirtiaiv pod 1 
from ever rauliing the trojjuspltcre. In dm 
regard, it would he interesting to compare 
tlic mean siratosplieric lapse rates prevaiEn? 
dining llte very dry I9KU-1981 episode thi 
allecled much ol^ ’the contiguous United 
States, versus the more recent excessively hH 
period (1982-1983). 


OF special interest are the inferred roles of 
‘free’ versus ‘forced’ convection in this ind- 
dent. In the ocean, free convection is over- 
turning due to negative buoyancy induced by 
cooling or evaporation at the sea sul fate. 
Forced convection refers to mechanical siir- 
ring due to wind-generated waves and uiilui- 
lence in the upper layer, or tidal motion stir- 
ring the bottom layer. Helping to resolve die 
anoxia condiiion in late summer was Hurri- 
cane Belle which passed over tlic region as a 
small, swiftly moving, spiral-banded convec- 
tive system with 93 mpli squalls. Again, (ginn- 
ing from Mooers: 'This hurricane gcncraicd 
vigorous inertial oscillations and some wind 
stirring, hm it did not overturn the waier col- 
umn . . . the stratification quickly "healed." 
leaving die ventilation or the lower Inver to 
the normal autumnal cooling.’ 

Students of meteorology sometimes create 
an effective analogue in aimosphei it to nver- 
noil ill fluid tanks by injecting a 'milky' sulinc 
soluLion from a syringe into clear water, then 
videotaping die event with a camera mounted 
upsidedown. By scale similitude of the 
Froude number— or the ratio of die kinetic to 
poiemi.il energy characterizing a turbulent 
event— the final inverted image ol the saline 
plume looks a great deal like tlic mixing of 
cloudy and clear air surrounding positive 
buoyancy accompanying a cumulonimbus. (A 
I G temperature excess in die cloud yields a 
buoyancy factor of 5 x IQ" 5 which can be 
easily matched by die saline mixture to give 
idenucaj Fronde numbers of 2 x |() a .) if 
the vertical mixing of life-suiqiuriiiig until- 
ents and oxygen is aided by storm-gene rated 
convection, js there a similar mechanism that 
tmghi explain how macroscale cyclone uesis 
with its vigorous embedded convection is aid- 
ed and abetted by solar modulation of incom- 
ing ultraviolet radiation? 


Normally, additional UV mdiation accoffl- j 


panymg strong sunspot maxima 


peeled to maintain a modest inversion froo 
2d in 30 km, as in 1962. This stable niodfu 
hypothesized to lead to a decrease iu il' e 
iuiuiIkt nl exchanges across ilic irupopaux 
Ixmndai y of downward flowing higli po £lh 
lial vorticity pools, with a consequent df- 
crease ol ail -sea interactivity tied w 
q ue i it and intense major storm developing 
over wnrm water source regions- Seen * 
way, the sudden reversal in the cooling^ I 
I recjiieiiting suns]>ol minima, ns sliown Ofr 1 
tires ■ I and 5, represents n tygie of dyna^ [ 
discharge that begins to release an incite 
number of iintemiiil cyclonic spin "P^ . 
(negatively Imoymit plumes) built up dun I 
the stabilizing plinse of the 1 1 -year war 
dc. 
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Analogue to Planck’s 
Law 

The extreme seusiiiviiv of iiupus|j|icrii. cy- 
diwenesis io tlic depth uf die siramsplim ic 
isoiliennal layer becomes more understand- 
able when we consider that poicminl vnrikily 
typically increases from 200 to 2(MMJ0 units 
(/jq-® cm s °K _I ) between the lieigln ul die 
iropo(« llW boundary in 30 km. Thus, die 
difference of only a few kilometers in the 
added height ul ill is layer can easily make 

available a substa in ial increase in tlic pusilivc 
potential vorticity inherent iu the negatively 
buoyant plumes. 

Ertels [ 1942] potential vorticity theorem — 
composed of a synthesis uf the cnnsci vutiun 
laws Tor mass, momentum, and energy iu u 
single mathematical statement— has received 
wide application in diverse dynamical studies 
ranging from oceam 'graphic to ionospheric, 
for our purposes, where we are attempting 
to synthesize into a single mathematical state- 
ment the exchange uf information among 
many dynamical regimes, it is instructive in 
consider that potential vurtkiiy is closely 
aligned to the concept of angular momen- 
tum. Each volley uf upward- propagating in- 
ternal gravity waves that serves to dislodge a 
negatively buoyant plume of high pntemial 
vurtirity is thus creating a discrete "packet” nf 
cyclonic angular miiiueiuuin capable of sig- 
nificantly influencing Liopnspheric dynamics. 

This unifying concept brings us full circle, 
back to rianck's discovery of the quant mil na- 
ture of radiation and Sell rOdi tiger's wave 
equation that describes the exchange o( angu- 
lar momentum among complex systems. As 
has mentioned in the introduction, Planck 
began his derivation with an equation de- 
scriptive of a simple harmonic oscillator. Al- 
though the oscillating element was originally 
conceived of as an electron embedded in an 
dttiroinagneiic held, contemporary physi- 
cists emphasize that different sets or elemen- 
tary particles represent varying "resonance 
channels" or patterns of quantum comiec- 
liviiy. 

Not only is this mathematical formal ap- 
pealing when it comes in describing the min- 
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DMSP imagery from the 

are iv^ ? Hle,,lte - The two photographs 
iem l T 1 1C Optical Linescan Sys- 

snhnr ke, l 0,1 co,,sea, rive northern hemi- 
H terc poi ar passes on January 18. 1983. 

the ai,rora ‘ s in fhe lower part of 
dusk a? 1 ,?*’ Wilh ni ‘dniglu to the left and 
show I*.™ 6 to P‘ The overlayed contours 
*ured . en ? sstra hlung X ray intensity niea- 
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Gornev WP ^ Photo courtesy, D. J, 
sinskjj' P ’ F ‘ M,ze «. and W, A. Kola- ; 


plexilv of the solar-binsplieiic-climutc gcslitli 
hill even ihe inieriin idea put fonli l»y Hi.hr 
i Inn ;m amm consists of discrete energy levels 
seems relevant m the highly interactive atmn- 
spltcnc and cccancgraphic domains. H.iwev- 
er, what cm ism tiles an “elecin.ui" in the pres- 
ent study? 

II wc lccull that "siinspuls*' consist of in- 
tense convective disnirbiiiaes in the «.l:tr at- 
mosphere, then the ubiquitous nature nf con- 
vective processes in .ill dynamical domains re- 
minds ns that they alone can change the 
identity of a system at its must fundamental 
level. The ntnitispliei'ic analogue fur an equa- 
tion describing a simple harmonic oscillator: 

• . /IS I • R 

7 + k T+ t ( ' y * , ‘ _v,T=l1 «’> 

states that the zeroth, first, and second-order 
time derivatives of t— or the temperature dif- 
ference realized in a convective event which is 
\W f ,c efficient in creating coiKleiiaate— furms 
the mathematical basis for describing snper- 
cfficienl infrnniation exchange within atmo- 
spheric dynamics. In addition to the diabatic 
or quantum signal represented by r. uiher 
variables in (I) include the density and tem- 
perature (p, T r ). the gravitational acceleration 
(g). the dry adiabatic and environmental lapse 
rales -y). and Lite specific licaL at ci instant 
pressure lC r ). The teim J(S) refers in ilu- |xi- 
sition of the buoyant parcel relative io its ini- 
tial entropy slate, where the parcel’s change 
or entropy is dependent iqaui its change oi 
potential temperature, and C p . 

If the coefficient of t is negative, then die 
buoyant parcel will 1% dislodged Emm its 
original constant enLmpy level; if positive 
(stable case), the parcel will oscillate nlmui iis 
original position at a frequency given by 

v => [fg/7’ f ) ly,, - 7)| 1,2 tin 

Like I'lauck, we use a change "f cinropy plus 
specific frequencies to define information ex- 
change among macriiqiianluin domains. We 
thus avoid a spaiial dcscripiiuii nf tlic liv- 
drollieniXKiyiiAink held hv simply ii.ning 
how an clemciiial nscillatnr (comeciive evcin) 
behaves when embedded in a field ebarauer- 
izetl bv a p.nliculai stability. This .inioniiis lu 
sating iluii the cimvetlive event is a discreie 
c-lenieiii nl ladialive Mux wliicli olic-ys Slelaii- 
Bcilizin.m'.s law lor a hlu> kin ul\ | see l‘nnie mol 
Pensingrr, I97HJ. 

We have lieeu addressing die negative!! 
buoyant, sinilospbetic plienmiieiia in niucli 
of the above discussion. Lei iis now shill mir 
aLLcniioii toward die equally iinpuriani, posi- 
tively himyiini (irci|wsphcric) events dial ac- 
cent! pan y die inarioqnamiim informaiimi ex- 
change process. Tile iilinusplieik analogue in 
i’Lmck’s law desuiplivc uf die energy t(’l ot 
the radiant fields states 


V ^'v/CpT _ | 

This analogue substitutes C p for A (Boltzinaii’s 
cunstant). while the tropospheric value for 
Planck's constant (A*) lias empirically been 
round to equal 21 x IU 10 erg s. (The energy 
(£) which may be dislodged from a discrete 
layer whose potential is defined by h* is de- 
termined by a specific frequency of oscillation 
(u).) In a severe convective storm generating 
interim] gravity waves, a typical raLio for the 
exponent Ui*vlC p T) is 0.025. where the scale 
height of the troposphere (10 km) must be 
exceeded by the upward propagating waves 
to achieve informadon transfer. This height 
is effectively compared against the horizontal 
distance (400 km) of a “bowed” frontal inver- 
sion. Such a density discontinuity or interface 
serves as a wave guide Tor external gravity (or 
so-called ■'shallow-waier") waves organizing 
coherent bands of severe coiivecuvc activity. 

The advantage of employing quantum 
physics to explain highly nonlinear, multi- 
scaled information exchange between com- 
plex systems is its elegant simplicity: For ex- 
ample, satellite pictures may present a bewil- 
dering view of warm water eddies breaking 
away from the Gulf Stream or developing ni- 
muloiiinibi in a thunderstorm ensemble that 
defy a detailed Newtonian-Cartesian solution. 
Yet the quanLum approach tells us that the 
energy entering or leaving a limited domain 
must appear at a specified frequency (or us 
harmonics) uniquely determined by 7. 7<*. P- 
and T, if there is to be a fundamental change 
in the system's identity. 

The quantum view or climate suppons the 
concept first, entertained jn the context of the 
Laplace formalism: namely, warm water bod- 
ies function like "tuning forks” and thus are 
able to -id as a coherent wave and energy 
source for the atmospheric medium, provid- 
ed the appropriate multilevel stability criteria 
are met and the proper "hammer” is present. 
The 1 1.2-yeay sunspot cycle is apparently one 
such instrument where die interactivity, with • 
earth's heat i fcservdirs (including the O, lay- . 
er) occaiiQiiaily rings loud and clear, m the 
physics of climate., Other possibilities come to 
mind; for example, the highly ranable enei - ; 
oy Inputs associated with solar flares. pr qos- . 
. mlf ray emission?; all have the potenual of , ■ 
exciting resonant states of attiviiy at.deci- 
pfierable levels of ihe atmosphere wheii y. 
viewed from the quantum paradigm. - ■ 

Ahe)*iiaiiyely,.a:clfichdn ih ^Muamum 

world View appears rtf uch like a high ener 


gy 1 clmuie event whose 1 arc cascade nl con- 
tinuing interactivity may hate had the ubilitv 
to dramatically altei mie nr mine nl llte ncir- 
mal path wavs that consiiniie the 1 ic. It mairix 
of solar-ici test rial ronncLiiviiv. Aliei a slmri 
review nf die pnsmlaied role ul si il,i mi » ulu- 
lated incoming Lft' radial inn, we will address 
the question of mankind's aliililv lu uln-r 
eartll's clitiialv via the absurpiion ul imtgning 
infrared radialinn by increased ainouiits uf 
carljnn dioxide. Once again, die i[iianl 11111 cli- 
mate hypothesis is Imiiiil in oll’ci new insight 
for scientists seeking in gauge die influence 
of the ungoing expuiiemial rise in the burn- 
ing of iussil fuels or die effects of changing 
earth's albedo through the niching of sea ice 
or deforestation. 


Conclusions: Factoring 
in the Influence of 
Mankind 

A simple cause-mid -effect concept of cli- 
mate has assumed iliaL the greater die solar 
input, the mure heal will Ik - available to die 
atmosphere. This is currcci. provided one is 
caiefiil to distinguish the |ianiculnr level dial 
is heated ami also its ultimate elR'Cl.' Bemuse 
uliraviolel radiation represents only 14', f ul 
the net solar energy received hy carilt. mosi 
of which is uhsiirbed above Iff km, iis pri- 
niaiy iiiipoilanee is one uf cunirolliug sirato- 
spheric stability. When there is greaiei in- 
coming LIV radi,iti»M. the ciiImikciI prodttc 
liiui id ozone provides an iiiqiuriaiil diali.ilii 
heal source lu the stratosphere. This added 
stability, in liirn, could conceivably suppress 
die iiimilwi and inic'iisity of major irupn- 
spheric storms unless overridden hv nthcr 
factors. 

Such storm siipprcssinn would cifeciively 
dec lease the upward flow of sensible and la- 
tent heal inlo die lower atmosphere. I'ar.i- 
doxicallv, we tlierelm^ see dial the iic-i effect 
of gi ealer UV radial ini 1— healing mils a 
small, but dvnnmiraliv important portimi of 
die middle iilinosplierc — is iheicdnre to ihill 
die wc-atliei -producing troposphere. (Altei na- 
tively. prolonged aliscutc of Minspof!. such as 
in die 1 7th century's Maunder Minimum <>r 
the earliet Spnici Minimum, could t’lletlivelv 
exhaust many ol the heat reservoirs In uni- 
iribiiting in greater climate instability and 
slot mine*. I’t estimable such a clvn. iiukal sr- 
quciiie, as evulu.iled iu nceaiibed and ice 
cures, would lirsi provide a "riish" of tii.il:.iiii 
heat input imo the irnpasphere. folk wed hv 
longer episodes nf abnormal chilling.) Nic 
nunlineatitvcif the pustulated triggering 
incrii.misiii enaMes the slow buildup ■>( 
sii.fcd solar end gv arising Iroiil llie net 111- 
Loniiiig India null in he teleaseil ovet relative- 
ly slmn periods of lime. This, iu turn, yields 
a 0 mi mensu raid v greater response factor to 
die physics of climate. From a biological per- 
s|«clivc, large shon-ierm thermal iliicuia- 
lions can also extract a severe evolutionary 
loll, as evident from the reported loss of an 
estimated 17 million seabirds on Christmas 
Island during the 1982—1983 El Nifto lEm, 
April 5. 1983. p. 131). 
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[ lie self-organizing ami sell -regulating ca- 
pacity ol the oceans, atmosphere, anti bio- 
sphere winking in consort to maintain earth's 
life support system is receiving increasing al- 
leniion. In keeping with James Lovebxik’s 
thesis ex: i millet I in Gain \L>nvtnrk, 1979], I 
have chuscti the inlet (liscipliii.it y conec-i u 
over U K Imildup to illustrate lurlhei how 
t |ii:siil mi t cliinale physics at cm l nates the cru- 
cial roles luring played by liate gases like Ot 
and GOn. Ozone is subject In chemical 
sources and .sinks (e.g-. NO.t that arc them- 
selves subject io niodilication bv anthropo- 
genic activity; however, for hrevily. tlic COj 
problem — although for from being “simple -- 
because it, icki, changes in prn|Kirtiim to the 
varying luckdrop iff biospheric activity, ocean 
temperature, anil circulation — will suffice to 
demonstrate another potential application of 
the quantum paradigm. 

in prior discussion, we have stressed stabil- 
ity variations associated with the diabatic ef- 
fects uf water vapor, a raibci "prolific" trace 
gas that tons til u (es anywhere fmm d to 4 r ,c 
rff the troposphere bv total volume. Ft out 
1958 to 1 9811, atmospheric carbon dioxide 
content has risen from 315 to 338 parts |>cr 
niilliuii [MutCruthii unit Afmrc, I982|. an in- 
crease or in 22 years. 'I lie current scien- 
tific consensus estimates that C'.tfr may have 
inrrcitsed by 2:V,f since 1859 and is likely in 
dcmble its U.03 1'.f volume content be lore 
A. I). 2101). Additional CIO; at the projected 
level of increase has the ta}>aciiy to absorb 
greater amounts ol the reluming longwave 
radiation. 1 1 eating the xo-r ailed "draltv" (or 
cntiveclivelv in(liieuced) greenhouse cll'eti. 
Kssenii.illy lineal models tit cliinale have ex- 
l r.i|u ihiietl that at least a 2 5 C global wanning 
and vnnsei|iieiii nii'liiiig »l polar sea ire ami 
rise nl sea level could l e.suli Iroin this eifeil 
within the next tenuiry. 

I lowever. die cpuiiiiuiu cliinale hypodiesis 
shifts our alleiition aw.iv fiom attv linear or 
cliu-ct cliinale influence by asking a iwo-p.ut 
question: Fit si. how is uiaukind's release ol 
solat energy suited iu lossil lucls ovei geolog- 
ical time linked lu die lei test rial mechanism 
of storing and releasing licut and ('t>: within 
llie In ilmspl icier Second, ami |ierh.ips iimM 
iiiqMiiiiinilv. is ii possible that < i< >.-iudin ed 
in t rated absmptioli will exett an mill mu e on 
clinune pi iin.it ih llitough alt erai ions ol M.t- 
hiliii tailiei than simple bulk lie.iliug'r 11 this 
is so. it is i rut ial lliai we del ci mine w In'll ter 
lower str.iiovpheiu. si.tlnlin — scemiiiglv i.ipa- 
lileol being pinfmiudlv alteted oxer >u least a 
shotl 2 ot 3 vear period In a single iii.i|oi 
volcanic eriipiiou — is subject to a longer term 
GO. iiilltience. 

In the eilieigiug i|iiaimiui view cm die na- 
ture nf climate, (be .sun -earth system appears 
like a sympliotix being placed bv a limit it in U- 
ot instruments. These insit niueiiis an* de- 
fined against a niilelv carving backdrop oi 
space and time, a lact ihat precludes .« rigor- 
ous mathematical description their inlet ac- 
tivity when studied from the Newtonian para- 
digm. The quest of the climate theorist is not 
only to describe the imliv idttal insn iiiiieilts. 
but also to yield practical advice mi how these 
components behave as a collective and highly 
complex system. 
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Appendix: The Laplace 
Transform 


where Lhe constant r §0 anti fit) = 0 for I % 
0. Equation (A3) tan he used to obtain die 
transform of an admissible periodic function 
/{H of period T > 0. We can ilicn state tlie in* 
icrcsring identity 


The basis of this meiliud is die iiansh inna- 
linn ilcimed by 


fit) =f«0) +/V-T) /SO (Ad) 


T[s) = | fU\t " dl « // (Ah 


whose graphical interpretation is given in Fig- 
ure 5. 
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Leveling in 
Earthquake Area 


lhe National Geodetic Survey (NOS) is 
performing lira -order geodetic leveling in 
die Coalinga, Calif,, area. I lie project, which 
15 , * l . n * 0 ,l . ,,lc, l h y ,lk ' VS - Geological Survey 
(US(.S), is intended to measure vetiical 
height differences associated with retcnl Goa- 
liuga ciiithquiiLes. 

Hie largest of the cuithquukcs occurred on 
May 2 with inuginiutle 9.5 (Riihtei scale). 
Mure than I .ytiti aller.il nicks hate billowed, 
including two on May 8. which were magni- 
tude 5.5. Damage estimates exceeded Sin 
million (see £m. May 2ti. p. 387). Nr, |,.ss „f 
life was reported, hut I.UOD resirlents were 
displaced. 

At the request ol the USGS. NGS Mobile 
Field Party G-3G immediately began belli re- 
connaissance and bench mark recovery oper- 
ations. The lirsi-urdcr leveling, which minis 
approximately 50 km. will he completed by 
the end or June. Where (Kusible. new leveling 
will follow lines of leveling previously per- 
formed in I9fi9 and 1972. This will protide 
an indication or vertical height ditrercnccs 
during the intervening years caused both by 
subsidence in the area front man- made causes 
and bv vertical height differences associated 
with the earthquakes. The data will be ana- 
lyzed by NGS and USGS. Reports of the anal- 
yses should be written in July or August. 


Recent STARE observations described by 
Singer include a nuiiilxrr uf transient cvcnis 
wliusc pulsation showed an increase in period 
with latitude. These events are iip|Kirciil]y to- 
roidal eigcnnmdc oscillations, which are east- 
ivt ji magnetic lick! pci luibatioits. Becnuseof 
Hall cuiTenis in the ionosphere, the oscilla- 
tions were observed simultaneously as nortli- 
muili perturbations by a grnund-lxised uiag- 
"cloinetcr. The nhscrviiiimis arc intequeted 
as being a siimillaneous occurrence or ostilla- 
tkms from separate inugneiic shells. T hus it 
was shown that magnetic, field lines on adja- 
cem shells can oscillate at dillcrciu frequen- 
vics. implvitig only weak Luupling Ixuwcen 
the lines. These measurements were possible 
hu'uiise the .STARE system is free of iono- 
spheric screening elfects. Gomparismi with 
gtiHiattl meitsureii tents niav rield inforiiiaiion 
iilxmi the at initial ion and wivcniug pheunm- 
Qna.~P\tB 


VLBI Observations 


observed strengths nl'quasitrs to their linc-ol- 
sight angles; sources with weak radio cores 
and double outer lobes are at large angles 
and rice versa. A number of problems in ex- 
plaining classical double" radio quasars have 
arisen from recent measurements. 

There arc many ideas emerging on how in 
explain the observations. Some observations 
can be explained if the jets are released I nun 
die cores as a sort of plasma spi ny, the angle 
of view being a function or visual colliiiiiiiion 
ofa portion ol the jet. Other observa lions 
sccin to require the existence or single, mtr- 
mw jets. 5 

Get lain broad theory explanations include 
the origin of galactic phenomena. According 
tonne such theory discussed at the work- 
shop: “. . .the Galactic Center, Sevfert galax- 
ies. and quaiats are imerpreietl as relkxting 
just two intrinsic para meters— the mass ol ihc 
cciiLidl conipaa object (black hole) and the 
accretion rate into it” (Not uie, April 28 
1983 ).— PMH 1 


Meal is living teali/cd today is evident iuthe 
recent results ol W. Gumpsiun and tullnyit, 
.it the Australian National University. Corap- 
sion et al. have dated /hum crystals from 
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STARE System 
Looks at ULF 
Magnetics 


STARE (Scandinavian Twin Auroral Radar 
Experiment) has analyzed niagnciospheric ul- 
tralow frequency (ULF) waves in the iono- 
sphere since 1977. STARE data analysis re- 
cently discussed by J. J. Singer »r the Air 
Force Geophysics laboratory, Massachusetts, 
includes new explanations of die oscillations 
that occur in the shell structure of the geo- 
magnetic field (Nature. May 5, 1983, p. 17 ), 

Tltc ULF pulsations (periods from tens of 
seconds to 1U min) were thought to lie stand- 
ing hvd re i magnetic waves that resonate mi 
geomagnetic field lines. Singer describes 
these waves as having the mi usual eliaraiiet 
of periods thin increase as u function id lati- 
tude. This phenomenon inav vlaiifv the na- 
ture of their source and of the thiirarlerisiks 
I >c tween individual osrilliiling gconiagnetk- 
shelk Singer nutcs the argunieni sup|uming 
the Maud lug- wave theory as being the consist- 
cut) of the wave periods with the time it 
takes Alfilti waves to travel along gent nag. 
lid ic Held lines lictween ioiiusnhcrk' re I lee - 
lion boundaries. 

The SI ARE .system, which is composed uf 
two coherent pulse Doppler radars located 
near Mnhik, Not way. and Ihuikasaltni. Fin- 
land, tuensuvex the ionospheric electric held 
by making the radar signals reflect front elec- 
trostatic waves excited in the E region of the 
aurotal zone. The radar pulses scattered by 
the electrostatic waves arc Doppler shifted in 
frequency ax a result, of the electron E x ff 
dull velocity. Analysis or the scattered pulses 
yields value 4 of amplitude and direction nf 
the electric field in the regiun of overlap of 
the two radars. STARE has relatively high 
spatial (202 kin) and temporal (20 s) resolu- 
tion. The system is very beneficial for these 
measureinen u i n that it takes data over n 
large area H0Q x km) simuliaheously. 


From the centers of quasars calculated tu 
have velocities 10 limes greater than that of 
light— the Einstein ism constant of the uni- 
verse-astronomers are finding explanations 
or Doppler effect red shifts of emission. Very 
long baseline inietTeromctry (VLBI) arrays 
have been used to examine the cores of seven 
known radio sources in space that are charac- 
terized by supcrluniin.il velocities, and a sig- 
nificant amount of knowledge has been 
gained about red-shift phenomena of plasma 
sources. Milliarcsecnnd resolution of VLBI 
techniques allows observers to examine in de- 
tail central structures of radio sou rces. 

According to a discussion of observers at 
! h J n ?Z L su P eril,min <d workshop held at the 
& l LS ll,l f Obs . ervaior y- U-K.. February 
l J8S, The last six years have brought a ’ 
pe H t increase in reliability of results, particu- 
larly because of the use of VLBI arrays - 
kW April 28. 1983). This reliability has 
resulted m a compilation 0 r properties of ra- 
dio-source core structures. The steep IYe- 
qtieiiC) -shifted radio s|Kctruni of a superlu- 
mtnal structure is apparendy caused by rapid- 
ly extending plasma jets. The discussion 
provides the following explanation ofa relii- 
tivisuc jet; ", . .a relaliristically moving stream 
of plasma t eniinaimg front the core. . .[whi- 
ch |. .is ideimlicd with the base of the jet 
1 lie moving- components arc shocks or uL,s- 
nmtis moving down the jet. which point to- 
ward the obsem-rs in the case of superln- 
nmia! sources” (.Witme, April 28, 1983). The 
idea is that illusions of Doppler effect red 
shffw can Ik- produced by high-energy physi- 
cal phenomena other titan simple velocity cf- 
rcas. Even m the disc of a source moving 
nwayfroin tin olnervcr with ;i relative velocity 
e« |h,, „ die sliced or Ugh,. a „ illusion nr«,- 
iwrlunniiiil velocity results Ijctause the angle 
or view is small ("because the observer's view 
oi the early pan ol the motion is delayed 
with respect to the later parts, and hence the 
apparent duraiiun 6F the motion is short- 
cued [Nature, April 28, 1983)). 

Another effect that can cause illusorv red 
shifts is the so-called "Doppler favoritism" 
phcnoihenon, which is B similar “small angle" 
effect that results in an enhancement ornfix 
density. Curiously, supcrhnninal sources have 
nre second jets located only on one side of the 
nudmts, as well « the central milllarcsecond 
jets. Tliese jets could be “Doppler favorites" ' 
or they could simply be unexplained prqpei- 
.ues of radio sources. S - 

The research on these Unusual radio. - ' • .■ 
sources nlKj axanjines (he smalliangle phe- ' t 
iibmenn. Tlviiw ai» :l_. r,. . .■ i . 


Year of Oceans? 


John V. Byrne, administrator of the Na- 

Almos P l ™ Atlininistra- 
uon (NO A A), has proposed that 198-1 he- 1 ,|,- 
servetl as tlie Year of the Oceans. The year 
should be devoted lo defining and clarifying 
the U.S. s ocean and coaswl goals and ■'rally- 
mg the support to achieve them," Byrne re- 
cently told oceanographers attending the 
Coastal Zone ’83 gathering in San Diego, G a |- 

al rln d:,y f, ce fcrmcnl 111 ocean and coast- 
al concerns. Byrne said. Among the exam- 

p !li i Clt n WaS lhe P ,,K: !aiiiaiioii issued by 
President Reagan on March 10 declaring an 
exclusive economic zone within 200 miles of 
the coast where the United Slates will excr- 
ciwjunsdicuon for the purposes of explor- 
ing. exploiting, conserving, and managing 
natural resources (Eos. June 7, 1983, ». 402) 
nadduton. legislation has been inirralnced 
to define the outer continental sheff deen 
seabed minerals, ocean thermal eneiyn- ma- 
rine pollution, fisheries, and other oceanic 

UTS"' y T Sa , id - ” In ™ '--"of the 

, , ,5 e8S ’ e 8 lslaL °i^ are considering bills 

NtJAA's administrator also urged that star,- 

ft 


■setts Iiislilun- nl Tucliiuilogv's (MIT) IV- ; 
pai tiiiciii of K.u ili and Planci.iry Stiirne. ; 
lias I wen nnniiiiali'il .is MTI'"s unlstandirn 
ill lilfit- in the current Wheaties iiaiiunwJt j 
"Sean h foi Glia t n pint is" nut lest. 

htilltn.s Im the Wheaties c in nest an ■ 
availaldi' only mi Wheaties boxes. Tilt top i 
59 (inishei s will ivt cive one dollar per W i 
lot lor the affiliated nonprofit oTg-utin- i 
tiori — ihe MIT Cnmutuuitv Seniic Find 
in Brace's case. From the 50. a iomuiiiu* | 
will select six to be pictured on Wheatiei 
boxes. The « harilies of tlie six finalists will 
receive an additional SI, 900. 

In the last 1 1 years. Brace has nin in J* 1 j 
inarai lions and in two 50-mile races. ' 
Among his many triumph*, lie was wo®' 
in Ids age group in the 1980 Pike's Pa! ! 
Mural lion, lie officiated with Brian Bon- ; 
tier at tlie AGU Fun Run at the 1989 FaU 
Meeting and was one ol the organuen d 
tlie race at the I9HI Fall Meeting. 

For additional information nbont iw 
contest, contuci MIT graduate students 
Kaye Slicdhu k (telephone: (317-253-581 1 
or Carol I lund wci ker (telephone: 6w* 
253-1049), Brace was nominated for tie 
contest by the Green Building Track U® 
arid the MIT Com muni ly Sei vice Futw 11 
Gtmiluidge, Mass. 
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Mount Nanayer ... wesicin Australia at 4.2 
Sion years, tlie oldest date ol a icricnnal 
omrie lA'ru 1 Scientist May 19. 1983). How 
dates will stand up vis a vis the- oldest 
••hole-rock dales (3.8 billion years lor sam- 
Vc from West Greenland) remains to lx- 
Cln The Mount Narrsiyer date is for single 
frits extracted from a sedimentary rock, 
fhe Greenland whole-ruck dales were ub- 
uinetl bv more convenlionul. though none- 
theless statc-oF-t lie-art. iiuiss-speciromeiiT 

techniques- . . . 

The concept of the ton niKToprobc piuba- 
hJv dales back to the early l94U's RCA pat- 
ents of J. Hillier. R. Cost unrig revived the 
ideas about electron and ion mkroprohes [ess 
than a decade later in his thesis research at 
the University of Paris, and lie built proto- 
type instruments. It has taken two to three 
decades since then for the promise nf the ion 
mic roprobe to be realized. Quantiimivc iso- 
tope analysis of single crystal surfaecs on a 
point-hy-poim basis may have far-reaching 
applications in broad fields of geophysics. 
Isotope ratios for age-dating purposes will be 
«ry powerful, as will isotope and uiKc-ele- 
ment studies. 

The new zircon dates are based on urani- 
um and radio-decay product ratios. To lie an 
accepted milestone in the studies of dating 
die earth, the rocks from which the zircon 
crystals were derived must be known. The 
implication is that the zircons originated from 
rocks whose radio clocks were seL 4.2 billion 
wars ago. Rather than a clearly doc u men Led 
geological observation, the net* results are 
more in the form of a portent of things to 
come. Scientists will find it exciting when 
there is hard evidence that the eailh is ns old 
as the moon. 

The ion microprobe represents a combina- 
tion of the complex technologies of electron- 
nil (static field) opLics, sur face- ion physics, 
and the intricacies of the mass spectrograph. 

It would appear evident that diis combination 
has begun to function in die results of Goinp- 
sicm and, indeed, of others who ate pit meet- 
ing litis great advance . — PMli 

IRAS Discovers 
Second Comet 

Astronomers sifting ilmmgh daia sent to 
earth by the Infrared Astronomic ul Satellite 
(IRAS) have discovered :m extremely faint 
comet that came within 219 million km ol 
our sun on January 29. This is the seioml 
uunel lo have been sighted by die satellite in 
a two-week period. 

Comet IRAS (I983F) was found fiv the ur- 
ging telescope on May 13 tGMT) and was 
confirmed by ground-lmsed obseivcrs mi 
May 19. The comet is one million times (aim- 
er than comet [RAS-Aniki-Akoct. which was 
Covered simultaneously by IRAS ami the 
.wo amateur astronomers foi whom the com- 
et is named. IRAS-Araki-Akock passed Earth 
May II. 

Many faint comets that had previmisly 
P«ttd through the inner solar system with- 
out being noticed now may be able lo be 
!'J hted by IRAS in its year-long sky survey. 
IRAS astronomers say. 

IRAS is a joint project of the U.S. National 
wonaiitfcs mtcl Space Administration, the 
erlantls Space Agency, and the United 
Cou a™'* Sc ' ence ant ' ^HKiHW-'ring Research 


Streamflows at 
Record Highs 

St ream Urns' was reported well above aver- 
age in more than half the country during 
May. with Hows at or near record levels for 
the month in 22 states, according to the U.S. 
Geological Survey (USGS). Department or Lhe 
Interior. 

USGS hydrologists said that above average 
flow was reported at 98 of the 173 USGS key 
index gauging stations used in their monthly 
check on surface- and ground-water condi- 
tions. High Hows were most prevalent in the 
Mississippi River basin states and in the cost, 
with the exception of Maine. South Carolina, 
and Georgia. Below-average sireamflow oc- 
curred in the Pacific northwest and in small 
scattered areas in Colorado. Kansas. Texas, 
and Minnesota. 

The combined flow of die three largest riv- 
ers in the lower 48 states — Mississippi. St. 
Lawrence, and Columbia rivers— was 46,00.) 
billion gallons during May. These three large 
river systems, which include the How of the 
Missouri and Ohio rivers, account for runoff 
Trum more than half of the coutei minutis 
United Slates and provide a quick, useful 
check nil the status or the nation's surface-wa- 
ter resources. 

Ground-water measurements were general- 
ly average or above average iliniiighuui 
much of the country, reHectii.g the above- 
normal precipitation patterns of the past sev- 
eral months. 

Working in cooperation with federal, state, 
and local officials, USGS hydrologists routine- 
ly collect information on the quantity and 
quality of the nation's surface- anil ground- 
water resources at more than 45,91)0 sites 
across the country. The highlights nf May wa- 
ter-resources conditions are as follows: 

1. The Big Five Rivets. Mississippi River 
at Vicksburg, Miss.. 1,034 bgd. 883 above av- 
erage and 35% aljavc tlie April flow: Colum- 
bia River at The Dalles, Ore.. 269 bgd. 3% 
below average, bin 84 *Jf above las. mniiili's 
flow; Ohio Rivei a. Louisville. Kv., 215 bgd, 
153(1 above average and 4li*« above die 
April How; Si. Lawrence River ne.ii Mavuma. 
N Y.. 182 Iig«|. Ui above average and 2'? 
above last ii.miili'i I low. and Missouri Rivei 
tit Hermann. Mo.. 133 bgd. 127‘1 .ilmve .net- 
age, lull 9Vi less than the April How. 

2. New York. In upper New York state, 
waters from Grcai Sacandaga Like spilled 
over the (amklingvilk' Dam Im die lnsi lime 
in its 33-year history. The overflow lasted 1 9 
days, pushing the Hudson Rivei in its highest 
flow levels since 1936. 

3. North Can-tiiia. \Wi ••iiuliiioiiN *oii- 
tinned diioiiglioui ftoiili Gai'olm.i dining 
May, and several iilajol streams were* well 
above average lor the liiuiib siraiglu urolith. 
Flow of Hie French Broad River al Asheville, 
N.G., averaged 1.9 bgd. 39‘J above average 
for May, and How nf Goiilentnea Creek at 
Hnnkcnon, N.C., averaged 479 million gal- 
lons a day, 53% above average. Ground-wniei 
levels in the stale were generally 2-6 feet 
above the long-term averages for May and 
were 1-6 feet higher than .he levels this time 
last year. 

4. Iowa. Wet conditions persisted in 
much of Iowa. Flows of the Des Moines River 
at Fort Dodge. Cedar River at Cedar Rapids, 
and Nislinahotna River near Hamburg have 
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been well almve average nuw for 9 cuuseui- 
tivc months. The Des Muincs and Cedar riv- 
ers set new record high flows for the nuuitli. 
Flow uf the Des Moines River at For. Dodge 
averaged 5.1 bgd during the month, the 
highest May flow in 51 ycais of record. 

5. Minnesota. SireainlUiw conditions 
were varied ihrcuiglioui Minnesota. Si reams 
in the northeastern part of the state were hc- 
luw average, while in the southwestern rortiiT 
of the slate, streams were at rove average. 

Flow of the Rainy River al Maiiilou .Rapids. 
Minn., averaged 4.9 bgd during May. 58 r />' 
below average. 'I o the smith, How of the Min- 
nesota River at Jordan, Minn., averaged 10.5 
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bgd, 195'J. above average, the second highest 
May How in 49 years, and the eighth straight 
month that flow of this stream has been well 
above average. 

6. Utah- Nevada. In the western United 
States, heavy tains and slim ply warmer tem- 
per; mi res melted record-deep m< mi .lain 
snmvpark in Utah anil Nevada, resulting it. 
torrential rnimll, severe floods, anti mud- 
slides. Utah's laml-lnckcd Great Salt I jkc 
rose more ihuu 7 inches in May, to its highest 
level sitne 1924 ami more than 3 feci higher 
than die level at this lime Inst year. 

7. Washington- Strennillnw through 
most i if Washington stale was below average 
during May. Flow of die Skykoniish River 
near Gold Bar, Wash., for example, averaged 
3.2 hgd, 27% below average. This is die sec- 
ond straight month that the How rm this 
stream lias been well lie low average. 

8. California. Wet conditions prevailed 
across the entire state during May. All five of 
the key USGS index gauging stations in Cali- 
fornia reported Mows that were well almve av- 
erage for the month. How or Arroyo Seco 
near Pasadena, Calif., averaged 41 million 
gallons a day. the highest May lluw in (ill 
years uf record. In southern California, water 
levels in the key wells in bis Angeles and 
Sania Barliara counties were all above aver- 
age. 'I he Level in the key index well near 
Ciiyamn. in Santa Barbara County .stood at 49 
feet below the laud surface, almost 74 tcci 
above the long-term average, and highest in 
33 years of record. (Map courtesy of the U..V. 
(IfiJnf'ifiil Survey.) 
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Recent Trends in 
Hydrogeology, 1982 

T. N. Nmasimhan (Ed.). Sfrr. Piif>. I NO, Girul. 
Sol. nl America, Hmilder. Colo., -148 pp.. 

1982. 532. 

Reviewed ly t\btiy P. AMt/mnii 

Kerrut Trends m fivhogt-nfag\ imisisls nl a 
set nf p.ipeis piesetilcd dtlling a bil l In lav 
pan v oil Fehruaiv 9. 1979. I lie liinlidav )>ai- 
iv. hi. nmie propeih. die svin posit iih. was 
Oiiiveiictl lo Iroinii a dislingiiislied lirclrugeo- 
lngisi, I’.iul A. Wiihvispoon, on bis dtlili 
liii ilulnv. Main >■< the paptis were written by 
Witheisp'ii'ii's funner studeiils as well as bv 
his current colleagues :tl the Lawrence Berke- 
l»*v I .iIh ii.iimia .md ill* 1 UnivviMis of Califoj. 
in.i. Ili-ll elev. 

A prelace bv the ediiur (T. N- Nar.isimh.in) 
provides ail iniroLhiciion in die volume and 
short coiimieimiries in. each of the 23 pnpei s 
as well as ideas on probable Future directions 
in hydrogeology. According to the preface, 
the purpose of lhe symposium was "to at- 
tempt a tea so liable coverage uf the impurtai.l 
facets of hydrogeology" and “to provide a 
global picture of hydrogeology " where hydro- 
geology is defined as “die discipline con- 
cerned with those geologic processes that are 
influenced by water," presumably meaning 
si.luurfacc water. Hence, the material cov- 
ered in this volume is broad, ranging from 
topics traditionally associated with hydrogeol- 
ogy, such as well hydraulics and regional flosv 
system analysis, to more exotic subjects, such 
as geothermal resources and induced seisnric- 
iLV. As a result, only those with the niost cath- 
olic interests will read all 23 papers. 

However, all hydrogeologists are likely to 
relish the excellent critical review articles on 
contaminant migration In saturated unconsol- 
idated material (R. W. Gillham and J. A. 
Cherry): statistical characterization of hetero- 
geneous aquifers (S. P. Neuman); and flow 
test evaluation of fractured reservoirs, in 
which A. C. Gringarten presents a synthesis 
of methods, drawn From the geotechnical, 
geological, and petroleum literature, for eval- 
uating the transmission properties of fissured 
formations. These three papers represent 
state-of-the-art summaries on three of the 
“hottest" new areas or hydrogcologk re- 
search. Most hydrogeolc»gi5ls will also be in- 
terested in R. A. Freezes syndics is of 
ground water-stream relationships using de- • 
terminisiic and stochastic concepts; J. E- 
Gnle’s compilation of hydraulic caitduciivity 
measurements for fractured rock, and -per- 
spectives on regional flow system analysis by 
Bredehoeft. Back, and Hansliuw. 

Of more specialized Interest rire -T. N. Nar- 
aslmhart’s insights into numerical modeling 
techniques as well as his Ideas on (|ic physics 
of unsaturated flow and D. C. Helm's paper 
on land subsidence. Others will be interested 
In papers on analytical solutions, well tcs( hi-, 
strtipientatibfi, the relationship between well 
loss and skin effect, groundwater problems in 
mines, and physical properties of porous ma- 
terial^. There is iflso an InforoiaitVc summary 
of pail and current studies involving storage. ' 
of energy in the form of relatively hot or cold' 

water in aciuilers tfsang and Hopkins), as . . 

well as a lengthy paper by T. D- Sijow ipvesti- 
gatini the causes of induced sciunirity upoq • 

. reservoir filling, and rpur papers on. various ■ ■' 
aspects of geothermal resources, (n addition 


waste in a sulmirfaLC lepusiioiy: an t.vcrvkw 
liv S. N. Davis and a p:ipn on iuiinpii liming 
nf giouml water in crystalline rock by I 9 . Frit/. 
Last, there are a number ul units conversion 
tables ii. tlie end ol lhe Imok. 

Fichu . i 19H3 pei spec live, tlie > urreiil 
trend* in livdiogc-ology llmi are ac« uiatelv re- 
Ikned in iliis lolleclhiu ot papers pii-si-med 
in 1979 are lutii ami mini migration, flow 
tliioiigh I'lMciinccI iotk and oiliei asyiectsoi 
nit* leal waste isolation, and slocli.isiii pm- 
i esses. Ii i mild be aigueil iliai ilie other p.t- 
pei.s. wliich when taken im livid nalb .ue iroi 
reallv lepreseul.itiie of strong trends in ln- 
dir.gcoliigv, when liikt-n .is a whole do reflect 
at ii ■! her current trend: lhe iinrc-asing iniei.n- 
t if >n bet ween livcli f igetilngists and those in ic- 
lated diwipfiucs such as pelt oleum engineer- 
ing. mining engineering, and soil mechanics. 
However, it is mote siguilit'.ini dial die vol- 
ume tines tint contain am nujoi papi-i- ad- 
dressing •me ■>! the sin ingest cut mil trends 
in hvdrngeologv. deci))hc-ring and qua utils - 
ing chemical reactions in i lie? subsurface. 

There are sections on liydiogeucltemisu > in 
the Icugthv review paper by Gillliuili and 
Cherry and in the paper bv tireclehcirll el al. 
TI.ere also is a I airly specialized paper exam- 
ining the chemical problems involved in the 
reinjection of geuiliei nuri brines, but there 
are no general review papers cm chemical re- 
actions in the subsurface. Perhaps the ab- 
sence- of pnpeis on this subject suggests iliai 
questions related tu hydrogouchenristrv are 
some nf the most difficult io address and 
even more difficult to answer. 

The book measures 8V!» x 1 1 inches in size, 
and the text is presented in iwo columns per 
page. The pages were produced from cum- 
era-ready copy generated by a word proces- 
sor; figures and tables are well done through- 
out. While the print is crisp and dear, the 
lines of type are single spaced, causing a lot 
of material to be packed onto each page, 
which inny cause some eye strain with pro- 
longed reading. The price may seem a bit 
steep, but ill less than 8 cents a page, the 
bank should be considered a bargain. 

Alary P. Anderson is with the Department of Ge- 
ology, University of iWirMuin-AWinii, Wl 
53706. . : 

High-Precision Earth 
Rotation and Earth- 
Moon Dynamics: Lunar 
Distances and Related 
Observations 

O. Gulniiie (Ed.), D. Reid d, . H Ingham , Mass.. 
xtK + 3M pp-. 1DH2. $125. , 

Reviewed by Jatm M. Wqhr. ■ 

The Iasi decade or so has seen the practuul 
development uf ii n> Hither of high-precision, 
space- rein If d geodetic technique?, speLifiatlly, 
lunar laser ranging (LLK). satellite ranging, 
and very long baseline interferometry 
, (VLBI). One consequence has been an en- 
larged and improved data base available. for 
studies of Umar motion and earth rotation. . 

• The impact on lunar studies libs been par- 
ticularly sinking. Tile vast Improvement in 
lunar positioning data 1 provided by the LLR 1 
experiment has revived, inieresi in the previ- 
ously lethargic business of modeling Lite lunar 
orbit arid librailons {lib rations are rotational f 
displncemejits or (lie ntpoji -about lls cemcV of 
mass). Several nuta^riLal and ^lialyttcnl iiipd : : 
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ds i>I ilu- orbit and liUraiimis liave been «l«>. 
vclnpcd over the p.isi few years. Numerical 
i him Ids, i oust mi led by ntiineiic.illy solving 
•i]>])ri)|tri.Hk‘ diflci rmijl equal inns, are geiicr- 
allv inure ac< it rale iIi.hii existing analytical 
models and are. in print ipal. belief suited in 
removing die cl Feels uf lunar iiiniiuii I mm 
die I.I.R residuals. On die i.iliu li.nul, mulls 
Inmi iiiiiiii'rit..il iiHiileb .tie less Hllieiuilile m 
physical inicrpi d a linn, .mil so .inalviital 
models continue it> rcteive aiiciiiiuii. Auuhii- 
ml iti'ii Ids are puriitiihtily useful in li ving in 
undcrsiiiiiil (lit- Imiui libiiiiitius, liuch because 
ol die possibility nl excited free lihraiinns and 
li« in ise I be dynamical behavior of the mimn 
during ilic forced lilnaiiuus is m.i amipleielv 
u Hi let Mi uni. 

So far, die new gctidclit techniques have 
had less eil an eflrct mi earth mi ai ion si it dies. 
Rutaiiiin data (itnn traditional optical ustro- 
meuy are still 1 1 mi pel i live ai |>e rinds of a lew 
mmitlis and lunger. The inosi pruiiountcd 
advantage nf i lie new icchn icfiies is I heir ahili- 
is acruriileli in delennine r hunges in niliitinn 

(i.e., ]Hile pnsti it in and rale) ai j>cii- 

uils heiwcrn a few class and a few months. 

Hill il appears iliai tiiusi u( the gcnpliysii alls - 
itscllil signal occurs ai lunger pci intis. 

Hoih litmii motion and eaitli rotation rc- 
suhs derived from the new- techniques were 
discussed ai die Iiiieriiaiinnal Astronomical 
If n inn cfAUj Collnq ii in mi (}:), held in (hassr. 
Frame, during May I9HI. I his hunk 

constitutes die proceedings of that nilliniiti- 
unt. It will pmbahly he of little imerrsl tn 
lienple svltii (last* no win king knowledge n| 
tile lieli I, piimarilv heiituse. in iniiimnii widi 
ndiei tonlei elite prtM ceilings, the 37 
mtiiniis here me slum and not designed fin j, 
gciK'iid iiiidieure. ( I liete aie some arguable 
I'Mepiiuiis, uicisi ■lulnhlv a summary hi |. 
Ik'tuard ol existing analviital models oi'the 
lunar orbit; a presen lm inn by 11 . S. Robertson 
anil W. K. Carier desuiiiing results frnni 
\ 1-151: anil cutitt ilmi inns I mm J. Dicker. H. 
Fliegel. ). Williams, <11111 C. Voiier deuTibinu 
the Jet Frupulsinii lailmralniy (||*l.) reclin- 
liiin ol LI.R ilala.i 

Rut an uddition.il huirir here i.s iliat die 
Milijtri has mu vet developed to die pnim 
where results ran he muiinciv inlet preied in 

terms ol geophysical <>■ processes. The 

leader expecting 10 learn anyiliing generally ] 
usei til ala mi the earth or in 00 11 will be disap- i 
pointed. On the other hand, die book cb.es 1 
give a rep resen la live picture of the current ; 
State ol (he- siibjeu. And although the held is 1 
rapidly evolving, the problems ami teih- T 

uiques described here will pmb.ibli be y 

around for some time. 

Il is not fKissiide t» provide more 1 h. 1 i) S 
fmei descii|iijiii] t ,i die contetiLs ol these piu- 
ccetliiigs. (A more complete discussion can he o 
Innml m Byron Tupley's report on the rolln- c 
qimini published in Em . Januarv 26. 1982. 11 . tl 
Lt 2 .) Most o| the earth roi at ion work nre- r 
semed here is concerned will) rite dau amilv- v 
sis I here are contributions from groups at u 
JPL. Hie Massachusetts Institute of Tech nolo- r 
g>. and the Centre deludes et tie Reclierdie.s s; 
(■tkidviiamiqucsei Aslitiiiuitiiqucs describing E 
iheir current elfnris at reducing die LLR „ 

r , l,erc a,e discussions of the analysis of a , 


Icy ei at. idatiiig variations in the earth's ro- 
laiiou rale lo changes in atmospheric angular 
momentum, is represented in iliese proceed- 
ings by abstract only. 

Must nf the lunar inoiion studies arc ton- 
ceined with modeling the lunar mbit. Most 
important is proliabh a descripiinn hv |. Chn- 
pinnl and M. tlliaproni-Tfiiixi of their im- 
piovetl analytical model dial includes die et- 
ic-tls of plaueiary perturbations. Ollier orbital 
studies include quaiiiiiaiivc ciuiipnrisoii.s n( 
iiumeiiral and auahiical models hikI discus- 
sions of the orbital effects of cartli tides and 
general relativity. The 011 c at tempi lo 11 .se the 
ulnervcd mbilal results in learn new plivsirs 
is a siudy by T. C. Van Flaiulern nl a possibly 
changing gravitational consiaiu, lull it is iep- 
rcseiitcd here only by iis abstract. 

Lunar libra 1 ion results are mure immedi- 
ately accessible lo useful physical iiilcrprcta- 
lion limit are the lunar mhiiul sunlics but arc 
nnl nearly as well documented in iliese pro- 
ceedings. D. H. F.rkhaidt describes an itn- 
prnved iinalvlic.il libratitui model that in- 
cludes the plaueiary and cartli figure pertm- 
Imtious. The other libration-rclan-d 
coiitribiiiinn. a general icview liy R. W. King, 
is represented here hv abstract and bihlingra- 
pliv only. Oilier lunar and mbit-related stud- 
ies are discussions ol selcnodeiic reference 
frames and a development by R. Bniurkc 
aniil W, Presler ol a small pniumeier cxpnu- 
siun of the dist 111 -liiiig fuiiciiou lor die ilirec 
body priibleiu. 

,M« A/. Wain iv j, if/, tl„ l hf ant mmt „/ I’hrws 
and thr Cnnfifrutivr /intitule fur Hrstank in Envi- 
ronmental Sr imm. C ini-nut's of C,i(i,ia,lo. IU>ul- 

dei. CO /turn. 

Isotope Studies of 
Hydrologic Processes 

E- C-. l’erry, Jr., and 0. W. Montgomery 
(Eds.), Non liern Illinois Universiiy Press 1 18 
pp- 1982, S25. 
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_v I .Hi data and of data ubiaiued fmni rang- 
ing to the CrPSaud Navy Navigation satellites, 
(Two presentations describing results from 
ranging to die LAG EOS satellite arc present- 
ed here by abstract only.) 

There arc also several attempts tu combine 
and compare rotation data derived frum 
competing techniques. Other earth rntaiion 
comnbmians include a description of Lhi- 
mo 6 c ^ l,rls * n , * lc field, discussions of the 
! 91 V MAi nu,alio " serks. and u dcsciipiiun 
^ J. ilhams and W. Melbourne id a possi- 
ble future problem associated with adopting 
nxetl precession mul equinox correction s, 

The one case here where the results permit 
geophysical inter pretaiiun, h study by lang- 




Reviewed by D. /. Siegel 

during die pasi decade, the study of envi- 
nmmcnial is. Hopes has Ijccmnc an iiiircasiiig- 
1} powerful liiul toward understanding hy- 
drologic processes. The picscnt bonk, a selet- 
Hon or twelve papers presented at the I‘J8U 
Midwest American Geophysical Meeting. i.s a 
useful additinn to the literature of isutupic 
metluKls used in hydrologic studies and will 
lie nl particular value In ihnse inicrcsled in 
ground water How system analysis and 
grmi nr I water 1 - lienii.su v. 

The papers deal with die stable isotopes of 
oxygen and hydrogen in water; carbon in ‘bi- 
carbonate; sulfur in sulfate and sulfide; and 
the radioisotopes of uranium, hydrogen, and 
rant urn. The first paper, by live editors, pro- 
vides a bner but succinct introduction on iso- 
loptc processes. Of particular interest to this 
reviewer are papers by Perry et a), and De-‘ 
saulmers et al.. who explain isotopically light 
groundwater (& ls 0 about 5% lighter ihan 
modern recharge water) in Illinois bedrock 
aquifers and clayey Pleistocene deposits in 
south-central Canada as Pleistocene recharge 
during colder climates. Dcsaulniers et al. used 
G 10 demonstrate that die isotopicalh 
lighter waters in the Pleistocene deposits 
could be up to 18.001) years B.P. 

Not all hydrugeologic systems arc so rela- 
tively well defined isotopically. Friiz and 
Frape show that Ca-Na-CI brines, found in 
bedrock on 1 he Canadian Shield, are isotupi- 
cally heavy, and plot above the “meteoric fa- 
wrline on a 5, s O versus 8/nidD diagram. 

nrnK 8 K| l,ealS |° f j heSe * S Ul,k " 0 "n. bill 

probably related to rnck/water interaction. 

Knck/water interaction in the active Nga- 
wha geothennal system in New Zealand is 
discussed in detail by Blaiiner who shows that 
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a positive shift in 6^0 in the gcotheruuil wa- 
lers can lie noiiuniqnely explained by imerai - 
non of reservoir rock will, both meieurU ami 
magmatic waters. Sinnbirly, a paper by 
hrrnhe mi sulfur isoiopes in gruunilwiiier svs- 
terns on the Ogallala Formaiion. smithwesi- 
ern Kansas, and the St. Louis limestone in 
«uhem a Indiana illustrates the dilliculiy in 
ddTereMiiaimg among isotopic sou ires, sinks, 
and mofhfymg gencliemiral pmccMes. 

ter hv SC I | lape '.' '^ n isuU,|,cs in wa- 

tiimm Sk r , ant Farvnhien, i.s mainly 
summary of their previous work, and resnnes 

How Knll' S 1511 j * n ! aj °'' l X,rlio11 “I' Monn- 
r r J? waters] ict Is may lie gmuiitlwa- 
ter. The pro|Mscd cause of accelerated 
groundwater discharge during storms i.s the 
growth of transient groundwater "ridges" or 
mounds near ihe stream. Altlmugli this I, v . 

^ co,,sid,,, ' cd provocative ui 
»me hydrologjsts, studies o t hydraulic gradi- 

r: r ake shores a,s ° havc show " it ex. 

leTla^e storms^" 1 ® roi,,Klwaie, ‘ mounds af- 
Paoers On 
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Petition* Wanted: In q insi-M].,n Sf.Jj, ailcliium. 

■ll illH'lIHIIIS Si ..‘ill. 

Positions Available, Services, Supplies, Courses, 
and Announcements; fust imn linn Si Ail, |H |. 
diiiniiiij inse-riiiim $2.7!). 

Student Opportunities : lirsi iiiwiiinn Irw. .uldi- 
iiunal itniis SI.. 'ill. 

there are tin iliHiiinns nr luiiiiiiissiiins mi 
CMssillnl ,ul v Any typ Mile tli.il is net pulilisli. 
cr sihuitc is 1 harK. 1 l lm al giiier.il a(luilisin K 
rates, tm is puhlishetl weekly mi 'ftu-sd,n. Ails 
mini fic res ei v«| in writing uu Mimslstv . I week 
|UMir In the dale <if puNkaimii. 

Rejilics in ails wiili bnx nuiiiliers sfnmlil lie 
addtcssrd to Unn — Anted, an (knuhs ,i, al 
Ummi, ‘JCltMJ Horida Avenue. SAW. W.idiina- 
tim, II. I.. 2111 Hip. " 

I'nr lurthcr iiiftitiiuijun. call mil free Kiln. 
12-I-24NH or, in die WasliingKui, D. aic.i, 

PllSir IONS AVAILABLE 

years. I’oshuni invobvi snlfcaion and analysis of 

Snih^al^uLw^f 011 ^ 3 - ,t P 1 ” 1 ^ bm time 
Si.. - !n Z * n,l . n K resell c|i un hide- 
pemlnH projects. Experience with prpljc. NRF. . 
IKAA, and gcfichcmical mwlcllng or iBricnus mtks 

1 Mfv re ^M d « ana dMC ? w , lll,n K *5 introriuc- 

wry petrology course during spring semester will be 
given preference. Sutijng r^tc w|U be August ^r- 
September, 1 983', depending on avaJIabilitVof ran- 



in cniileiit. A paper by Michel et al. pn 
gumma ray spec tniMiipy as a meiliod n 
tmiiitie at livities of -^Ka and 
mu and radon t onmil rations in nquife 
c;lsi - ceil tml Miiiuesoia arc rlescrihed by 
ly ami Morey, and Gilkesmi and L'owar 
lat ci I uranium ilisajuilihriuiu inifdox, 
tial along a gmuinlwuier How paib in n 
ensteni Illinois. Trilium was used with i 
isoltqie ilala liy Slrwai l and Downes wi 
ly dillnx'iii water inasscs in a spring in 
Zealand. 

htdtspk Studies af Hydrologic /Vortuw'* 
hiHik that presents Nome interesting* 01 
Ui rough case studies as well as itiformai 
a more general nature for die scientist i 
cstetl in learning how to use isotopes i as 
in liydroltigir research. The cost of w* 
however, may limit witlesprcad distrlbm 
A soli cover edition would perhaps havt 
more fitting. 

D, t, Siegel is with the UefiarlmeHl 
Syracuse University, Syracuse, N)' 13210- 


did.itc.Applicniini, deadline is |,,] V |3 [> 1 x 3 a1 



MclcaralogiatiLesd ScIenlisUM anajtcr . , „ 

K'-i“r' ’ Mai > J * ,n ‘ l M7 «. oViallwni) 

An equal upp.n lunity employer. 

h ^ ? bcoreucal njulels in siudy ihe chem- 
uuy and phyurs or prccipilntloii are invltvtl la'ii?' 
plyto the Gcprefa lustliutc orTechnoIueT 9 P ' 


^-Ic Unlvenl- 
Ueparimcm or I’hvsics n n 5^w?n W aviu ^. blc the 
?«y or Iowa, for Hi^reS t ' Th ? Univer- 

imoI waves in space t pre,a, L ve &llld ‘ 

on ilirorciical inresiiffaiinn. ^r l>C ,fic em P h asis is 
•Ions i» 

wind. Tf.ese ^ nnd ^ ihe sola,- 

preiaiion of data bclng^ Ruined r. ,ippur ‘ ll,e in,e ‘- 


Aisodste/Petromphy-Petr^fr. 
jmn a research effort aimed at unden 
condensation history of the solar svU 6 ® i 
ogical, chemical, and isotopic itudw* « JW. 
sioni In primitive meteorites. Appli“*J|^^ 

haw uflrh m<-teanl« P", 




suiem 

P WL.Ch^nwld« f ' . 

School of Gebphyskal Sciences. Georgia rnuhuie or J 

TechnoJqgy.'Ailonia, OA 3033?. , - 

'-M 


in p,L s - 

,n ‘nc interpreiauon of , ve some experience 

Send a resit me and t he^ia mt« a n , f' 1 f i ' ,h y sind ^- 

<0inn.liw mii 01 „ 

scairch positloni al ihe Cenwr fhV^ !?' icwr *' re- 
7M? y i" an,ks - U Jolla InSt? ^ dl ? of Monlin- 

r„!s'» o lTKc r 

pmblc.rii'ofX ■" “Sg in 

ond atrtnge for K iffiS W “ nd ; r ««mcs 
te^Ijo'br, Stanley Flanp 5 n recommendation to 
J°Ha In illtuttf $950. Vilh ft 1 CgND, U 

Dri ,ve. Sulw 2150.' 

' a ^n- etnKer' r. a . n f ' 


early autumn 1983. {mrr0 . 

Send resume and names of three 
Grossman, Department of the G«pnP^- 
Universily or Chicago, 5734 S. Ellis Av«^ 
go, IL 60637. 6 . 

The University of Chicago is an eq^H°rI 
ly/afTirmalive action employer. ’ -. 

Hydrogeologlsl. Converse Consulianu 
a staff or project level liydrpgcologW), . 
lions involving groundwater qualHy^ MiJj] 
waste disposal, mineral and energy- 
and geotechnical projects. Las.Vegaa-w^V 
serve primarily in the southwestern v 
. iy for mieracupn with an expanding! 
sionals in six regional office*. Exrfflmf .*fr .. 
advancement potential. ■ ' . . 

Mirtimutn rcquiromenis are an - j 
n geology plus two to five years ex j*9^>jjr 
•lug such arens as aquifer •e^ n K ai ^7Liios 
:and well field design, quantilauve 

groiiqdwaUir flow, coniraCmr OTpe^Rj^oj 

.communication skills are essential. 

aaagffi ?■ a §%5'« 


iicuraoto, uontact |jr. * ■L.'lrtr. 

pal Geologist, Converse C^oiiXultarji^.. 
Spence^ Street, Suite'120. La*A r ep*i f , : . 


1 


0 f Colorado, Boulder, GeoehemUt Posi- 
r! Geochemist nidi .iciive tvsciirch in.igiaiu. 

isotopes, nulksurlive »*H.qK*s, umlnr na.i- dr - 
ir.ri« it berne sought lm ;» pant uni in iln- 

iHvr lnitiiiiic for Roseau h in Environmental Su- 
J" (CIRES) of the Uimcrwtv nl C.nlm.idn. 

The one-lulf tinw |UHiiion wiiliin tlw IkjKinnaiii 
flfCevkickal Sticnres is tenure 11 -.uk at ;lw .ls.msi.iiii 
vawiciate professor level with ji sinning salary ol 

, I n onr) 5 rS-OQU for the iicodennc year. 

' Teaching load will be halt tli.it ol liill-iinie inciil- 
The pDsiiion within CIRES will be .11 a K-lluw 
nrth appropriate office and kiboiVUurv space . One- 
lolf a^cniic year salaiv will he giiaratiiced In 
CIRES for two vears at the departmental late, alter 
thkh incumbent must generate llisdier ORES auiLt- 
n from cxtenial sources. liuiiinlKitl mav augment 
nbrv funher bv generating three nmnihs «l sum- 
ner salary from' contrails and grams, and i-ihihii]i- 

^pplicants with cxiwrrieme, jmlilkaiioiis. amUor 
n^nibk? existing rcseaic It eqiiibniini ]»e1crrcd. 
puferrcd starting date would fw January 1. l‘.W I. 
Goring date for appltcatioiis is CKinlscr I, 

Applications shoultf include siateniciii of research 
ind teaching interests, experience, a lull vitae, nnd 
four letters of reference. 

.Apply to: Professor Charles Stern, (.hair man. 
Geochemist Search Committee, Department of Gei»- 
Inairai Sciences, Campus Box 250. University ol 
iSorado. Boulder, CG 80309. 

The University of Colorado is an equal ■■p|mi lu- 
nhy/aflirmaiive action. Scnion 504 cmpluycr. 

Research Scientist for International Ground Water 
Modeling Center. A position is immediately avail- 
able for a Research Scientist in the Intcrnaiional 
Ground Water Modeling Center. IGWMC is an in- 
itrnaitnrul information center for ground water 
modeling. Il organizes an annual operates a clear- 
inghouse For ground waicr models, conducis a pro- 
grain in applied research on ground water model- 
ing, and publishes the Ground Water Modeling 
Newsletter. 

The successful aplicant will havc a Pli.D. in Civil 
Fjiginctring/Htdrofofly with a hack mound in quan- 
titative ground water hydrology, including chemis- 
try or ground water. Tnc person must havc a least 
one (I) year experience in mutlcling flow anti trans- 
port processes and should be acquainted with relat- 
ed recent research. A solid background in numcri- 
nl and stochastic analysis is iet|uiretl. 

incumbent will perform the applied research pro- 
gram of ihe Center, including exploring modeling 
needs and research trends, and technical evaluation 
uf models, and will he involved in the coniiniinus 
updating of programs, and in handling itiinrmalinii 
(Hursts. 

The annualized salary for the position is S28.UOU 
fora 37.5 work week. iVpoic.illv from 8:30 a.m. m 

5:0(1 pm. 

Imercsicd applicatiis must indude III niunlicr 
042860 and soaal security iiumher in a icsnnuse hv 
July 28. 1983 to: 

Indiana State Employment Sci vilc 
10 North Senate Avenue 
Indianapolis, Indiana -Ili2" i 
Auennon: W.E. slu-phcid 
An equal opporiHiHir cmplnu r 

Arpnne National Laboratory /Chemistry Division. 

An immediate postdoctoral puritim) is av.iil.ilile 
for atmospheric chemistry studies based on mass 
'pettromciric analysis ol the stable isniiqni Liniiiiusi- 
non olaimusphcric Iracc g-ascs. I'nihlcms include- 
source budgets and temporal variations ul ;imm- 

gwi and uetenninaiion ol .tunc ispl ier- 
wOH free radical cunccmraiiuns using stable isu- 
tracers. Experimental techniques involve prep- 
wuon of gas samples derived I ruin trace gases 
wWcainer gns train systems with cryogenic, ami 
*«tnitaJ separation methods and precision mass 
JESW** a,u b'*rt- Send resume in: Mr. Waller 
'“fall. Personnel Division, U.ix D-GIIM-WI. Ar- 
jane National Laboratory. «J70U South Cass Avc- 
“*■ Argon nc, Illinois 60439. 

An equal opportunity employer. 

^jfokwioral Positfon/Naval Postgraduate School. 
iv”t"r Ca ." Turbulciice L.ilmratoi y lias available a 
;^c .y o ■ J*”hion fui m )wrsou inlet cstetl in the 
uysis and niterprciaiiun of oceanic turbulence 
ffur..i " e l f. n , ,ire ,s fi 11- ,,ne 1,1 two ye.ns. The mh- 
c iKC d ". ,uld have a in physical 
Ln.iWy a ™ 1 ahlitiiigh experience with uirlni- 
Preferable it is 11m essential, 'i'lic np- 

^niKh?LSe. l,,t,|U 1,1 &MU Ra,hcri " M CX I K ‘‘ U ' 

Rttumw can be sent It. Ilr. R.G. Lueck, f aale 
®394ft I’oilgradiniic Schuul, Mtnilerey. CA 

pbyer ^Piwiuuiiy/Alfirmuilve Action E.tn- 



Rescarch Professor [n Murine G rose le nee/ Uni ver- 
siiy of Rhode [Bland, The Graduate School of 
Jcoanography invites applications for a research 
professorship in Marine Genscicncc- wlure salary 
and rank are neouitahle. Prelcrence will be jriven in 

Vnd inier C * 7 ^' i , thfi,r ^ Jcn w | W«wd abilities 
and in crest in but not necessarily limited in retleu- 

niagnctisin. 1 he piamon is funded bv cn tracts ami 
giants, however flu? research professor holds full 
family tights in addition in other benefits. The pa- 
IconiauietK facility m GSO is Fully equipped, hilly 
opei at tonal and oncnieil towards rapid met uu re-’ 
metit or large numbers of soft sedimentary samples 
Applwauuns arc now open for ,l, c position which 
will become available about January 1, 1984 
Send letters of application, resume, and names 
and addresses of three professional references to: 
Roger 1.. Larson. Graduate School of OceaiiuKr.i- 
plty. U.iiycrstly of Rhode Island. Narraganseu. 
Rhode Island 02882. 

niff" aflirmaiive actinn/cquaJ oppominhy cmpluycr 

Scientist I/Nallonat Center For Atmospheric Re- 
search. To work under the supervision of the re- 
active gases project leader. Will plan and oversee 
major elements of field experiment; develop analyti- 
cal techniques appropriate to field and laboratory 
uxe; and analyze, interpret and model the data ' 
gathered. Requirements include; Pli.D. in atmo- 
spheric science or equivalent knowledge and skill, 
with a strong basic knowledge and skill, with a 
st rong basic knowledge of atmospheric chemical and 
cheniic.il kciiclics; skills in research demonstrated by 
publications; skills and experience in analytical 
chemistry of aerosol and gaseous and aqueous at- 
mospheric subsumes, skill in design, testing and 

H lcnicntation of chemical analytical techniques; 

in rk-vclnpment of compultional models param- 
eterization of atmospheric, physical anti chemical 
processes, and application of liiitncricdl and siaiisii- 


proccsscs, and application of numerical and si hi in i- 
cai techniques. Scientist I appointments are four 
Lei n! of up Ln Llirec scan. Iinlividunl may be ap- 
pointed 10 lire next higher level of scientist in ac- 
cordance with the UCAR Sciemilic Apixiinimeui 
Policy. Salary: $25,814 to $37,722 annually. Tu am 
ply contact: Esther B.ilzon. |303) -194-5151 exten- 
sion 581 or send resume and list of publications in 
NCAR Employment, P.O. Box 3990, Boulder, Co 
80307. 

An equal opportunity/affirmativc action employ- 
er. 

Physical Oceanography/Un iveraity of Rhode Is- 
land. A postdoctoral reseat eh associate position is 
available starting October 1. 1983 for sunlics of 
tropical processes in the Pacific. The rescan It in- 
volves the LuHcciiun ami analysis <>f data relating to 
the dynamic lopngrapliy and zonal pressure gradi- 
ents of the equatorial current systems as pun ol a 
long-lei ni study of ocean inlliu.-tn.es <>n cfiiiiaii'. 
Submit resume and professional references In An- 

S ust 15, 1983 in: Dr. D. Randolph Wans. Marine 
cseuuii Assi.Liaic II f\ nil inn. UNIVERSI IV Of 
KHOnE ISLAND, I 1 .* ». Ifox 357. Kingston. Rhode 
Island tlSHHl. 

A 11 alliniiaiiU' at liun/cqual < >|i|ii .ri unity eni|.|.nei 
itt/f. 

Iowa State University of Science und Technology, 
Department of Earlli’ Sciences/ Research Associate: 
Electron Microprobe. I lie lle|uiiiire(il <>i Pauli 
Sciences iuviu-s .qqiliL.uions lot a Research .\swi- 

■ iaie p.isiiiuii as an rieuron miciopii>l>; 

'l ire a{i|«jiiiimenl will he a lulls lundeil. |km iiuik-iii. 
iwelve-tin.iiili posiiimi. Salats will he u iiuniensi irate 
with qii.ililii.att. ms. 

Primary duties are the opera linn and uiainie- 
iiHitce ol a fulls- aiikuiiaieti inicroprahe with WUS 
and EDS capabilities and tire supei vision of associat- 
ed lathiratori facilities. Additional duties in. bub- ib< 
iiisi nut rm ol K-se.inb |>eis>.iniel 111 insii »nn.-m "p 
er.ninti. Ample- ..jijiori unities t-sisi fm ituubuimg 
u dial mu alive. ind iiidi-pc-iitlciii te scare It involving 
lire 1 uiu "analysis ol geological maieriah. 

Applicants sbutilil have a M S. degree in a sucnre 
or engbicfring field, nr cquiv:deiil experience, and 
expet Tencc with electron beam iiisirnmeiiiHliou. 
Persons with a working knowledge of WDS and 
EDS spectrometers itnn lire a Let un pausing computer 
iiiiL-ratioii! and experience aiialyz.ing geological sam- 
ples will be preferred applicants. 

Application deadline isjulv 31. 1983. Later aptili- 
littinns svill be accepicd if the [wsition is mil [tiled. 
Applications should include :■ complete resume, a 
siiili-nicnt of backgi ound and interests, cnjiics of 
|iiibllcaiiot» and names uf at least tliice references. 
Applications .should be sent to : 

Bert K. Nnrdlic 
Depuriiiicnt or Earlli Sciences 
Iowa State University 
253 Science I 
Ames, Iowa 59011 

Iowa State University Is 1111 equal opportmiity/af- 
firiiiativc action cmplnycr. 


fruity Position In Marine Geology/Univenity of 
Maryland, tenter for Environmental and Estuarine 
Studies (UMCEES). Ifom lAiini Fnvjn.iiiin-iir.il 
Laboratories of UMLF.ES invites upplii.m.ms |..r .1 
tenure track research f.icnliy p.isiu.m l rank npenj 
lor a inannc gculugisi. T Ire smcnslul . .tntlicLit l- will 
join a growing physicaItgeoIi.gii.il ocL-jiiugr.iidiv 
program, so applicants with a wide range ol inlet- 
csis will be considered. Ojijiorumiiii's exist lor inter- 
dtsci|)liiiary rescan Ii wilh hinlogii.il ,md chcinic.il 
.jeeanography programs. Although smite iiielrieme 
will lie given 10 1 aiulid.iics with imeresis in eslti.i- 
rine anil coniincm.il shell scdirueiiii.l.igii.i! pnm-ss- 
es. ihe primary criterion for sc leu ion is die abililv lo 
develop a si rong research program. Iln- rinsing 
date for applicaiioiis is August 1, I 1 . 183. CtiriRulimi 
nlae. descnpiion of research interests and list ol 
rc-ferenccs should lx? sent to: 

Dr. Larry G. Ward 
('.hairiuan. Search ( ami mince 
UMCEES 

Morn Point Emir. mmciLt.il Laboratories 
IMI. Box 775 

Canihiidue, Maryland 21613. 

The Universiiy nl Man land Is an affirmative- ai- 
l ion. 'equal upporiiiniis employer. 

Professor of Melennley/Univenily of Maryland. 

The Depart iiieiii uf Meteorology ai the Univeisiiy 
or Maryland. College Park, invites applications for a 
tenure line Professorship. We seek a well- estab- 
lished, Itighly reconinicnded scientist with an nm- 
sianding intcniaiiunal repunuion in .iiinospheric 
and oceanic modeling and appliratiuru. Wc propose 
ihe establishment uf a center In study tltc inierac- 
lions cd atmosphere, ocean and land processes ami 
llieir inipan on din talc variability, anil in particular 
lo study lire feasibility nf short term climate jiretlic- 
tions. The applicant should be qualified to bead 
such a ('enter, plan its projects, organize its activi- 
ties, and bring tn the University the nciCK.irv re- 
sources to attract outstanding seieu lists tu the Cen- 
ter and to carry out its research r.mniuns. Salan is 
iiCRiiiiablr. To apjily, plense send a c.uiiiiIol-Il' vitae 
and the names oT relereiues to the C-li.iiTinaii, 
-Search ('ninmiiice, [leiuruiiciu ot Meieoiolnizv. 
University uf Mary land. College I’.itk, MD 2" 7 12. 


Announcements 

Penrose Conference 

Society of America Penrose 
lachian n C l^ U !. llecl “ Me,an g es of ^ he Appa- 
I984^n°w^e n wUI ** he,d J unc 25-30. 
Ctoi! C * fouridl3nd i Canada. The confer- 
a hd charx« CU * llie ori 8 i “. Significance, 
toirical melange in distinct geo- 

r,e U ^*) e im portance of careruT 

fcrraitej SK ? eC . ipherin 8 melange 
of th e Cnnf en ^phasized. As such, much 
field h;^. c . rence W 'H center around in situ 
good crTK , SSIOIl ? ; Newfoundland offers a 

and ^uS^ g e° n ° f lhP A PP a,achian oro 8 en 

11 on Newfound- 

itsocu.p.i *®* sl with excursions to melanges 
ment of - lle asscmb, y and emplace- 

ment Ccmiin Vl ? an aIlocllt hons onto the an- 
Ncxt ort .h, ma ^ [n of North America. 
s uta, wfip.- a 8 e nda is the Burlington Peniti- 
Nyderorm^ 10111 ? 13 be a ^ le 10 examine 
a «°ciated withX " 1 “ amo «'P h <»e d melanges 
,he ancient „ ■ dcFormetl easterly edge of 
£«• opNoJK "*! xhe melange of imbri-' 
^h-een con, 7 Ihai , CQm P r ises the suutre zone 
a” d * 5 ocia n J^ al and Qceanic (erranes; , 
irately a n_ , Qll stostrontes deposited imme- 
I** e final firiri C ^ estruci 'on of the margin.; 
Cfimbro-Ordr coriiroversial . 

^ in the ea«« VlCla " Du,lna f{e Melange, locai- 

** lerrane anK^J??^ ° r l - ,fe “"“nVpcfr 

^ Cv '’ VVorld Island^* Sl urian ofistostronies of 
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applications in FORTRAN. Submit aniiliratiuii and 
reunite liy Aiiuiim 15. LON 3, tn: Dr. ll.K. W.utx, Ma- 
rine Rcu-urch ASMciaic 11 Pmiiiun. University nl 


Rhode Island, P.t >. Rux 357, Kiuaumt, Rhode Is- 
land USHHI. 

An allirnmiive ;uiiuidLi|ii,il <qi]i on unity employer 
111 /f. 


HTUIlt N l (JITOttl UNIT 1I.S 


Graduate Aas 1 1 taut ship s/I town rd University. 

1 Inward Universili in Wiisbiuuli.ti. D.C.. i.ffei\ .1 
new graduate progiaiii lor lilt- M.S. di-gitc in 


L'mvcniiy .,1 Manlan.l. t oiiegt ■.ilk. M l 2U7 12. I|CH . g r a. It, ale t.rng, am lor the fl. S. d.-g.te ii . ho. 

n.V : a 1 a" ,mt ’ r “ 2 M " 3 f “ l-,lc Mitnre; made raresibl.. In a gram ill.- 1 d.fl Oil 

fuir L.111. l lLraiion. - - .. ('•■iiip.iiiy. Ari-.iv ot sjw, ializ.iiioii ate held ut-.ifogvt 

-Jj; J'! Mj nLind sulmnl.es lo y nl ,, k ,sh I m.-iemolo K >d.v dt.i .- 


lire University t.l Mary Lind su1iu.ril.fs In |mlii> ul 
equal ediiL alii mal and ciiqili.yineiii o]i|.oi 1 iiuits. 

The University uf Maryland is rutiled by Tiiiv IS 
of die Educaiinn Aiiieiidmeiii ..I | ( .)7 , _ > not m <lis- 
criminate »ii the Uisii of sex in admission, treat- 
ment ol student! ur ciii|.!uyiireiii. 

Chairman— Department or Geological Sciences, 
Wright State University. The Drp.iiimeni nl Geo 
logii al 5iieni.es, iioites appliral inns fur lire pus.u 11 
ol tli.iirnun. iu be amiuinlcd Scpicnibci 128-1. We 
seek a dynamic. 1111 l 11 id 11 .il with .iilitiimsir.ilive lali-m 
and an appreciation lire research and |n:u.lue-tela.- 
eil eilucatkinal ar livities. Rank is at iln- lull |>i .ift-%- 
m.i level and mi rest riii inns base lu-en |.la. e<l on -it- 
ear of sijoi.ilizjiii.n. I he deji.iritncni is .umt with 
12 fjiuiu ami an einjilt.isis >hi ptolesstini.il pr.irtice, 
vet in.iiiiiainiug a firm uimnninreiii i>> Ktsic re- 
search. 

Send .1 letier >.| appliiaiiun. turns ilium vtt.u- and 
iuuies.il iliree teleren.es nr 

( 'I 1.111 ni.iu. Sc.itch « omniiuee 
Deji.iiiiiieiu ot Geological Silences 
Wriglil Si. He L'lmeisiiv 
I lav i»n. OH -15^35. 

Wriglit Siate I'nivnsnv tv an afliniLitlvr .it nop/ 
equal uprx.nunitv emjiluvcr. Closing dale for the 
position is Ouobei 31, 1083. 

Universiiy of Arliona/Facully Position. The lie- 
juiini’ .ii nf H .droWv an. l W.iirr Re-i.ilr. inriii-s 
•qi| 4 b . m> ■■ is I 01 a l. nulls po-Ul-.n in livili..i>>gv with 
a spe.i.ihv m ^i..iiiid-w.uei . heinisuv. l..iii<liii.iii-s 
must havc ir.miing jiid/oi 1 , rot cssioii.il expel ieme 
in hydrnguul..gy and must linvc demunsiraieil abili- 
ties 111 the qiianiiiativc aspciLs of the topic. Ap|xiim 
mein will lie at the level uf an assistant or .issulmic 
professor. Interested individuals should obtain fur- 
ther inforniHliuii Irnm: 

Professor Stanley N. flash 
('hairiuan. Search Committee 
Department of Hydrology mid Water Resources 
University of Arizona 
Tucson. Arizona 85721 
602-621-3131. 

The University of Arizona is ait affirmative at- 
liun/cqnal opportunity cmpluycr. 

Marine Research Associate II. Analyze and inier- 
iiret time series of vertical acoustic travel time and 
bottom pressure. Prepare progress reports and ici- 
entific manuscripts on these results. Assisi in plan- 
ning experiments and participate in scientific 
cruises. Th. D. in physical oceanography plus experi- 
ence in computer programming wilh limes series 


geopnyvtiv gin. m-iiiisirv. .uni m'.'icmoliigy'lrv (In .lo- 
gy with [.-im.ir sensing. Siuin- viijic-iHU and 
assist. 1111 vbi| is are available. Pou-nii.il sludi-iil' 
should write to l)r. Kii< GliriM.ill'erMui, Dt p. 11 mu - 111 
ul Geulngv and (icugr.iiiliv. iluw.iriL Univctsiiv. 
Washington, D.C. ‘21 id. "A 


SERVICES. Sl'l’l'l I f.s. l nURSLS. AND 
\N N Hl'M 1LM ENTS 

Ground Bused Airglow and Aurora Optical Sci- 
ence Facilities Workshop. l r .S. .urglnw and .turn- 
Till HienliMs inleu-slnl 111 gi.niud l.vmd tqimal >.b 
verv . 11 inns have Ii.tiiii-.I a fiwiliiu-s iU-btnci.it ■ uti.iiji 
Their mam purpinc is the need .unf i>. 

nl.ui for the dev i-foi unt -111 <»l 111 . 1 I 1111 viaie-.d-lliv-ati 
l.uililievto tm ibt-l tIh- iiiit--iiu.iiii.ii nl iln- m;i|..i 
w iviuili. pi ol .lc-tns within ill. • field I lie go ■up 
Ie< u-d Dr. I v|t- lir> i.id In . >t tl'Sib I m vun as ■ fi.ui - 
111 . 111 . Dr (i. Ron ink (I ol A. Eairb.ink-i . 1 - sv-iti-- 
larv. Dr W. H.iiiveii iL'niv. ..I I'l-v.ts- Dallas). K 
Lather (U.>M"li Cull ego. Ch.slliiil Hill), li 
Heinaiidez tN(1.-\A-Buiilib-r). M. Tore tl'iali si.m-. 
Logan). P. llaystU ui Mitbigan- Ami Arbiul. W 
Sharp (Uiiiv. ul Miclus.in-Aiin At burl jiid K. Knfile 
(NGAR-Uonliler) nicnifiert >if ilu- organizing toiil- 
miitcc. 

An inilE.il uurksJiop has been schedulcil iur Aw 
gust l, 2. ami 3. I'.lN.S ill fo.g:m. IT. 1 I 1 . I In- I ■ .tiii.h 
will .....iuisl <i| invited speakers tu ri-vn-v«. th.-mi-iit 
ami dv nan lit s ol ilie- sii .uo-plu-tt'. iiitwopl ici .m.| 
iherinosuhere: ..hemisiry. modeling. spc-Lfi..«t.iqiv 
and ap|)licaiii.iis to ihe ni.igiieiusphere ill amur.il 


physics; and current ground Ijastsl farililii-s isite- 
nnd iiisiruineniaiioiii tiscrl in imcricruiiicii v. spec- 
iroscopy. phnu>iiiciiv and im.igin in airglnw anrural 
studies. 

The intern of this work simp is m initiate die de- 
velopment of a working paper describing the scien- 
tific goals, the implemcnt-muii policies, and the de- 
scription anil location of ihe major facilities needed 
within this field. Also to be unhides! wifi be a discus- 
sion uf the need for enhanced cminii nncai ion with- 
in this group nf scientists; the possibility or more 
formal organization; and the rationale for an annu- 
al topical meeting. 

A complete agenda will be distributed la all scien- 
tists on the current mailing list. Anyone wishing to 
obtain further information can toniaci any manlier 
of the organizing committee. All scientists interested 
in this area nf aeroimmy are invited 10 attend. Spe- 
cific derails on the workshop will he available and 
distributed by the first week in July. 


Interspersed wilh these field trips will be 
formni and informal discussions on the ori- 
gin. significance, and correlation of melanges 
along llie Appalachian orugen; comparisons 
of Appalachian melanges wilh those oF olher 
orogens; and general melange topics such as 
modes of origin and structural and strati- 
graphic characteristics. 

For niort information, contact, befori Feb- 
ruary I, 1984, Brenna E. Lorenz. Depart-, 
ment of Earth Sciences. Memorial University 
of Newfoundland. St. Johns. Newfoundland ' 
A1B 3X5 Canada. Lorenz, Nick Rast (in the 
geology department at die University of Ken- 
tucky, Lexington), and Harold Williams; (in 
the earth sciences department at the Memori- 
al University of Newfoundland, Si. John’s, 

Newfoundland) are the convenors. , • 1 

Ophiolites 

The working group on Mediterranean 
Ophiolites will hold its second annual meit- 
ing at the Isrimio di ^ineralogia. Petrogrtfia 
i e Geochimfca, in Florence. It*ly. on Decerti- 
her 15-17,1983. 

Focusing op oceanic tectonics and rnetay 

mofphism, the meeting will consider; die 
structural and metamorphic history of ophio-,. 
Ikes during the period between their forma:,.; 
lion and their involvement with the 1 CpniidWv ., 
lai -crust.. Similar events in present-day ocean- 
: 1c settings may also be discussed- ■ ■ 

Abstracts; not toexceedone.typedp^, ,, 


gia, Petrographia e Geochimica-Universili, 
via La Pirn 4, 50121 Firenze, Italy. All ab- 
stracts and papers, whether or not accepted 
for presentation al the scientific session, will 
be published in a special issue of OJioliti. 

Hydrologic Forecasting 

The American Water Resources Associa- 
tion (AWRA) symposium entitled “A Critical 
Assessment of Forecasting in Western Water 
Resource Management" will be held in Seat- 
tle, Wash., on June 1 1-13, 1984. The sympo- 
sium will roetts 011 the science nr hydrologic 
and demand forecasting and its relationship 
and significance to operational, planning, anti - 
policy decisions by both the public nnd the; 
private sector in the western United States. 

A session on die operation of water re- ; 
source, systems will focus qu the use of" very 
short-term hydrologic and demand forecast , 
Ing for the improved operation or existing' 
systems. Among the topics L0 be included are . 
short-term river How/nVer forecasting; tech- ■ • 
niques, long-term (monthly to seasonal) -run- 
off forecasting techniques, and methods -to. in- 
corporate forecaiu and forecast uncertainty' . 

in systeni opefation policies.; *. ” ' 

Another session, on capital program plan- 
ning afid lm plemcntaiion, will fociig on die . 
planning of capital facility ejtpqnsiqn for wp- ' 
ter resource systems. Amortg Ihe tdpics io he ' 
covered ir^ long-range and very iong-nthgt 1 ■ 
vyater detnand forecnsling iechniqiies; evalu- 
ating trends and uncertainty of social, eco- : 


nomic, and technological factors, nnd theiT 
relationship to water demand rorecasting; 
ami methods for evaluating the economic loss 
from failing to meet demand growth. 

Abstracts, noL to exceed 2UQ words, should 
be sent no later tlian November 1 , 1983, lo 
the general chairperson. Clary R. Minton, 
President, Resources Planning Associates, 113 
Lynn Street, Seattle. WA 98109. 

AWRA Conference 

The American Water Resources Associa- 
tion (AWRA) will conduct its Nineteenth An- 
imal Conference and Symposium on October 
9-13, 1983, in Snn Antonio. Tex.' 

- The conference on unniysis and manage- 
ment of land drainage anu flood waters will 
feature 20 technical sessxltms on 'sut.lt topics 
as planning fot* stormwater r tin off; non point 
source water pollution problcius: iionnwuier 
quality, floodplain management, anil Hood 
control plannings water resources computa- 
tions by microcomputer; and remote sensing 
as a planning tool. Fifteen technical sessions 
on regional and state, water resources plan- 
ning will deal with sudt topics os changing • 
roles in water resource financing, federal ver- 
sus state versus regional responsibilities, wr- ‘ 
ter importation or inter basin transfer issues, 

. and state and regional, groundwater manage- 
ment issues. 

' For preliminary pipgrnm. and registration 
infonnation, contact Kenneth D. Reid, Exec- 
utive Director, AWRA, Suite 220, 54!0 Gros- 
venor Lane, Belhestla, MD 20814. , - 
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Abstract Deadline: 
September 14 


Call for Papers 


Abstracts uniat lw received m die AGU 
oflire l»y 5:00 l\M. on September N. Late 
abstracts (1) may be summarily rejected by 
program cli.tiiinan, (2) may not be pub- 
lished in uclv.un e of the meeting, or (3) if 
accepted, will be ( barged a $25 laic fee in 
addition to the regular publication charge. 


Tlic I ‘.IN 3 Fall Meeting of the American 
Geophysical Union will lie held in San Fran- 
cisco from December 5-10 nl the Cathedral 


Hill and Holiday Inti/Gctldcn Gateway hotels, 
blocks ol' mentis are being licit! at the Cathe- 
dral Hill, the Holiday lnn/Gnldcn Gateway, 
the San Fiamisciin, the Holiday Iim/Civii 
Center, mid the Grosveiiur Inn. Conespmd-- 
itig nut Inns will In* sent housing mid rcgistia- 
tiem forms. In addition, the forms will be 
pi 1 bl is I icc I in Em. 


General Regulations 


Abstracts may be rejected without consider- 
ation of their coiuem if they are not received 
by die deadline or arc not in the proper for- 
mat, Abstracts may also he rejected it they 
con tain material outside the nope of AGU 
activities or if they contain material already 
published or presented elsewhere. Only one 


contributed paper by the same first author 
will be considered for presentation; addi- 


will be considered for presentation; addi- 
tional papers (unless invited) will be automati- 
cally rejected. 

Only AGU members may submit an ab- 
stract. The abstract of a nniimcmbcr must be 
accompanied by a membership application 
form ( with payment) or it must be sponsoied 
by an AGU member. 

There is a publication charge of $40 ($30 if 
prepaid) for each abstract. If the first author 
is a student, the publication charge is $20. 
Both invited and contributed papers are sub- 
ject to the publication charge. Prepayment of 
the publication charge can save money. Send 
a check, for $30 (5 1 5 for students) with your 
abstract. The abstract must be received at 
AGU by September 14 to avoid an additional 
$25 charge. 

AGU will acknowledge receipt of all ab- 
stracts. Notification of acceptance and sched- 
uling information will be mailed to corre- 
sponding authors in late October. 


Abstracts 


name must also appear on the abstract at the 
end of the author portion). If no ID number 
is given, a membership application and dues 
payment must accompany the absiinct. Call 
AGU (MOO-4 2-1 -24 88 or 4(32-0903 if you .ire 
in the Washington, D.C.. area) immediately if 
you need an application. 

3. Corresponding address: Give complete 
address and phono number of author to 
whom all correspondence (acknowledgment 
and acceptance letters) should be sent. Abbre- 
viate as much as possible. 

4. Section of AGU to which abstract is 
submitted (use the following letter abbrevia- 
tions): A (Atmospheric Sciences); G (Geode- 
sy); GP (Geomagnetism and Paleuniagnc- 
tism); H (Hydrology); O (Ocean Sciences); P 
(Planetology); S (Seismology); SA I Acrtmo- 
my); SM (Magne los plie ric Physics); SC (Cos- 
mic Rays); SS (Solar and Interplanetary Phys- 
ics); T (Tccionophysics); V (Volcanology, 
Geochemistry, and Petrology); U (Union). 

5. Type title of special session (if any) to 
which submittal is made. 

G. Indicate your preference for a particu- 
lar kind of presentation by one or the follow- 
ing letters: O, oral; P. poster. The chairman 
may assign you to either of these types of 
presentation in order to fit his program plan. 

7. Percent of material previously present- 
ed or published, and where. 

8. Billing in Corn valium 

(n) Complete billing address if other than 
the coiTCSjMinling address (item 3 above). 

lb) If purchase order is to be issued, indi- 
cate number lijsoii submittal of abstract. In- 
voices returned to AGU because of imufli- 
cient billing information will be assessed an 
additional charge of 310.00. 

(e) If a student member is the first au- 
thor, the student publication rate is applica- 
ble. Indicate that the student rate is applica- 
ble. 

(rf) If prepaid, enter amount enclosed. 

9. Indicate whether jiaper is C (coniribut- 
ctl) or I (invited). If invited, list name uf in- 


Poster Sessions 


A large, centrally located meeting roum will 
lie set up for poster presentations. Experi- 
ence from recent AGU meetings and from 
other scientific societies lias shown that a 
poster presentation, while more demanding 
of the author, can provide a superb opportu- 
nity for comprehensive discussions of re- 
search results. Some sections are organizing 
poster sessions on specific topics, and contrib- 
uted papers on these subjects will utuomuti- 
callv be scheduled as posters. In other sec- 
tions it may lie necessary to assign papers to 
poster sessions even though the authors re- 
quested oral presentation. 

Presenters of poster papers are reminded 
that a poster exhibit requires careful prepara- 
tion. Figures and text will be scrutinized in 
detail, and authors must be prepared to dis- 
cuss the contents of their papers in depth. 
Under these conditions, tvell-prepared fig- 
ures and concise logical text are essential. 


Program Committee 


The abstract page is divided into two parts: 
the abstract itselr and the submittal informa- 
tion. Follow the instructions for both careful- 
ly. Please use a carbon ribbon to type the ma- 
terial, and do not exceed the maximum di- 
mensions ( 1 1.8 cm by 18 cm) of the abstract. 
Abstracts that exceed the noted size limita- 
tions will be trimmed to conform. 

The meeting program will be prepared by 
photographing the abstracts exactly as they 
nre received. Use the mcxlel abstract to pre- 
pare the final version. Submission of an ab- 
stract for ait AGU meeting is presumed m 
carry with it permission Tor AGU to repro- 
duce the alwtract in nil editions of F.o\ and in 
the programs and r c|x>rts relating in the 
meeting. It is also presumed to permit the 
free copy ing of those papers. Although j s 
st cupyngnicd journal, author s arc not re- 
quested to transfer copyright. Copyright, 
where it exists, wilt be rescu ed by the au- 
thors. 


Meeting Chairman H. Frank Eden. NSF 
Atmospheric Sciences (A) Ronald Taylor. NSF 
Geodesy (G) William Sjogren, Jet Propulsion 
Laboratory 

Geomagnetism and Paleomagnetism (GP) Subfi- 
le Banerjee, University of Minnesota 
Hydrology (H) Dennis P. Lettenmaier, Uni- 
versity of Washington, Seattle 
Ocean Sciences ( Q\ Dave Cuichin. Scripps In- 
stitution of Oceanography 
Planetology (P) Richard J. Terrile, Jet Pro- 
pulsion Laboratory 

Seismology (S) Robert J. Geller, Stan Ford 
University 

SPR Aerononty (SA) Raymond G. Roble, 
NCAR 

SPR Cosmic Rays a/ul Solar and Intetplanetary 
Physics (SS/SC) Miriam A. Forman, SUNY, 
Stony Brook 

SPR Cosmic Rays and Solar and Interplanetary 
Physics (SSISC) Bruce T. Tstiruiani, Jet 
Propulsion Laboratory 
SPR Magnelaspheric Physics (SM) Michael 
Schulz, Aerospace Corp. 

Tectonophysics (T) Raymond F. Jennloz, Uui- 
versitv of California, Berkeley 
Volcanology, Geochemistry, and Petrology 
(V) Peter W. Liprnan, USGS 


Special Sessions 


Union 

Polar Research 


Submittal Information 


Geomagnetism and ftt/rawagiiefuin (GP) 
Applications of Paleomagnetism to Tectonics 
of the Western United States 
Electrical Conductivity oF the Crust and Up- 
per Mantle— Field Methods and Laboratory 
Measurement* (in mniuni:.. ... _ ’ 


■ ----- — — uuu LUUWiU 

Measurements (in cooperation with the 
Committee on Mineral Physics) 

Problem Solving With Rock Magnetic Tech- 
• mques— rCase Histories 


Numbers refer to the items in the submittal ' 
block on the sample, abstract. . , 

J|. Title of meeting- 

'• Identification (only members ntpy sub- 
mil ou abstract; this, includes Invited authors); 
Type identification number of one member 
author (ID number is the line consisting of - 

four tellers' Tn1lmu<.,l hn > U* _r • 


■ y.:: 


rour feuerj lb] (owed by the six digits; see 
• mehtber-s. lotting libel ton Ew or journals), 
or,, if nb author is an. 4GU : inchtber, LypMhe . ■ 
. * *, of jilt jtncniber tpqjuuf /sponsor's ■ 


Glacier-Ocean Imeracubnj (jointly sponsored 
with Ocean Sciences); ’ r 
InsiTeam f low Requirements for Fish: Metis- / 
odolupes. IrtpJementatioh, an<I Impacts : 

M S a , ri l lc W? 1 '"* # Hydrologic and .. . 
Other Geophysjcal Time Series '«■ 

More .Pjiysical^Based Extreme I 

» yIJ u *: Pwtribjiijpn in ; hydrology ' ' ■\ i ■ 

:> :• -s h&i'S 1 ; > 


Statistical Procedures Inr Estimation ol Flood 
Risk at Ganged Sites 

Symposium on Optimization Techniques Inr 
Managing Groundwater am! St ream- Aqui- 
fer Systems 

The Oriiiiuoaiul the Amazon — Hydrology, 
ScdimenUilngy. GcuclteinMtry. ami Fas clogs 
of Large Tropical Rivers 

Transport Processes of Excessive .Sediment 
Loads 

Treatment of Evnpoiraiispiratinn. Soil Mois- 
ture Evolution, and Aquifer Ret barge in 
Watershed Models 

Water Quality Analysis of Impoundments 


«‘ts mass and gravity held of theeanh^ 
vv«.imi«Mi .inti gvivpliysi.al interpret 
l here will also he sessions devoted inm*- 
(jviuinirs. gravity .lata analysis, modi 


tfilal elicits. liming, and precision orbfid»- 
iiniiaiioii. r 


llyt I mingy til ) 

(toi.ier-tj.euii Imeiaciioits (jointly 
by llvdioliigy) ' * 


Ocean Sciences (O) 

California C-urvent 

Chemical Tracers and GIoIni! Gi rcu fat ion 
Modeling 

Diagenesis in Deep Sea Drilling (in res 

El Nino of 11)82-83 

Geochemistry of Estuaries 

Geochemistry of Hydrothermal Plumes in Vi- 
cinity of Mid-Ocean Ridges 

HEBBLE 

MANOP 

Ocean-Glacier Interactions (jointly with Hy- 
drology) 

Rossby Waves and Eddies in the Eastern 
Parts of Ocean Basins 

Sedimentation Patterns in Tectonics in Active 
Continental Margins (jointly sponsored 
with Tectonophysics) 

Sub-Sealed Disposal of Nuclear Wastes: Site 
Assessment 

The Response of the tapper Ocean to Very 
Strong Wind 


A special xevtiuu on glacier -ocean inifr* 
lions will he convened jointly by the 0cm 
Sciences and Hydrology sections. Papm^, 
solicited that address topics on the inim^ 
processes between glaciers or glacial icei 
oceanic etuivoumetu. lopicsof inwrotu. 

‘ bide but ate not limited to calving ofiidn) 
ter glaciers, tliet niodynamic intemetioa Iw- 
t ween 111,11 ine ice shelves or icebergs and 
sequent oceanic mndilicutiuii, and iccbcn 
drift. Invited papers will give OYmimoir- 
cent studies ami new developments foils 
area. Abstracts, in standard AGU forma, 
should he submitted no Inter than AugwL; 
to either ol the session cochairmen: Anita 
G. Fountain, Project < — C Vlaciobim,^ 
M5U, USGS, 1201 Pacific Avenue, Tacom. 
WA 98402, or Edward G. Juscberger.USCi 
University of Puget Sound, Tacoma, WA 
984 H». In addition, scud the original and n, 
copies of the abstract to Fall Meeting, MA. 
20(10 Florida Avenue. N.W.. Washington, K 
20009. 


lustreaiu Flow Requirements for Fish: Mrtb- 
odologies, Implementation, and (mpwi 


Seismology ( S ) 

Evolution of Oceanic Lithosphere (cospon- 
sored by Tectonophysics and Volcanology. 
Geochemistry, and Petrology) 

Rio Grande Rift (cos|K>nsored by Tcciono- 
physics and Volcanology, Geochemistry, 
and Petrology) 

Lateral Heiercigenesis in the Mantle 
Tomograph 


SPR: Aeroiwms (SA) 

EUV-VU Airglow 

Lower Thcnnosphcre-Upper Mesosphere 


SPR -Cosmic Rays (SC) 

IMP 7 & 8: Correlative Studies Over tlte So- 
lar Cycle, Including Correlative Studies 
With Other Spacecraft and/or With 
Ground Data (poster session) (cosponsored 
by SPR: Interplanetary Physics and SPR: 
Mnguetosphcric Physics) 

IMP 7 & 8: (cosponsored by SPR: Inter plane- 
fa i>' Pit) sics and SPR: Magnetnspltci it 
Phv&ics) 


SPR-, Magnelaspheric Physics (SM) 

Aurora and Subsionm (poster session) 
Comparative Planetary Magnetospheres and 
Comparative Auroral Phenomena 
Geomagnetic Tail and Boundary Layer (post- 
er session) 

Magneiospheric Currents and Fields (poster 
session) 

Numerical Simulation of Space Plasmas (post- 
er session) 

Special Call for Papers on all Subjects 
Waves, instabilities, and Turbulence in Spat e 
Plasmas (poster session) 


Recent federal and state legislation hu 
guaranteed that fish production must 
sklcred in the development of water re- 
sources. This renewed interest in fuliawt- 
ageiuent will afiect significantly, in mint irt 
minus, the amoum ol water available (or 
tnitMiinplivc water uses. Numerous tech- 
1 1 it] ties have been suggested for establishing 
i list ream How requirements, ranging from 
hydraulic models lor streamllotv to fish hit-;- 
tm models, i.ess research has been directed 
toward other significant issues of instreani 
How maintenance such as evaluation of thr 
economic impacts ol these iiistream rquire- 
meins on other users, their economic bene 
fils, and (low estimation tec Uniques that ind'- ! 
cate the Irc-queucy with which there requ^ ( 
met its alien oil tei users. 

Pnpets are sola ited that explore lc'dirwi l - v ' j 
used to establish iiistrcatu Mow rei|uireniefiu 
tlte economic and physical iiiteractioiuofih 
i‘e({«iiremeui.s among water users, and pf** 
tltires that inrorpmale low flow frequent) » 
ii males into reqiifivmenl atmlysis. Papers J. 
dressing the- com c-piual framework for e»- 
lishiug instreani How requirements, moot' ^ 
calibration and verification, case studies. wd 
related topics are also welcome. AbJirad*-® 
standard AGU formal, should bcscniby-'u 
gust 31 to Richard Palmer. Department ot , 
Civil Engineering, FX-H), University of 
Washington. .Seattle. WA 98195. Inad^ 
send the original and two copies of the ab- 
stract to Fall Meeting, AGU, 2000 Flonw- 1 
tfiiue, N.W., Washlngloii. DC 20009. 


Muliivai iaie Modeling of Hydrologic and 
Other Gecqihy.sical Time Series 


SPR-Solar and Interplanetary Physics (SS) 

AM PTE Theory nttd Predictions 
Solar Wind Interactions Willi Comets, Venus, 
and Titan 


Tectonophysics (T) 

Active Tectonics 

Franciscan Geology nr the San Francisco Bay 
Area: The Nanoplale Tectonics of the 
AGU Fall Meeting Site 

Tectonics and Sedimentation in Active Conti- 
nental Margins (jointly sponsored by Ocean 
Sciences) 


This spe-t ial session is sponsored by jl* 
.Surface Kune ill* Committee of the 
section , Tlte purpose of this sirccial je* 1 
to bring together individuals froir 1 nr ’ 
disdpUties to discuss the state of the an 
new devcloimicnis of siochastic d cscn r , 


Volcanology, Geochemistry , and Petrology (V) 
Calderas and Associated Volcanic Rocks 
(Krakatau Centennial) 

Cascades Volcanism and Implications for 
Geothermal Resources 

Ocean-Ridge Basaltic Volcanism (Laki Bicen- 
lenial) 

Structure and Dynamics of Hawaiian Volca- 
noes 


Other Special Sessions 


Mineral Physics 

Uone of the following fields is covered in the 
broadest sense, regardless of the section to 
which your paper is submitted, please add 
on your abstract “For Mineral Physics Ses- 
sion" under number 5 of the submittal in- 
I or 1 nation: (1) physical measurements 011 
minerals, (2) calorimetry, (S) high-pressure 
mineralogy, (4) defect structure studies, (5) 
mineral and solids equations of state, (6) ’ 
quantum mechanics of solids, (7) spectral 


and/or modeling in time and/or in sp** 
multiple time scries or hydrologic ana ^ 
physical phenomena. 

Quite a number of models and rnaafl 
techniques have been proposed lor F* 
seining univariate and imiltivanate 
ties with applications in hydrology a;* 
physics, 1 Iowcver, even when mod ”7® lf 
lime series there are still a number . 
solved or controversial quesliotn 
further studies and discussions, 
is compounded when dealing with 
time series. As the models attempt t uuotv 
porate more statistical feature* ol j. 

cal time series, the number. of P^, 1 ^ ' 
creases, the mathematics of thepK» . 
conies cumbersome, die idcntsficB ^j, 

estimation procedures are more ain^ ^ 
testing of goodness of fit of the m 
more complex, and the problem *j. ^ Jitf 
deal with various types of uncert , r. 
becomes unmanageable. r .- 

Possible topics (or this spee““ 

nnAA IdelUJnCfllW 1 ' ‘T' , 


dude multivariate model Idetulnca. , 
niques, parameter esllmation p r * _, ^j. 

model testing and yaliclalipn • 

crete and continuous models, 


non- ARM A models, GauaS^d^' ^ „ 

ian models, models with I* 11 . „ A dits' 


■ . . : - w. wnua, # apcvirui 

mineralogy, or (8) electrical measurements 
on minerals. 


Session Highlights. 


Giodtsy (G)-. • •!' 

r '- 1 ' , be toMUiig ; spedal sessions this 

lall on th^i-esulis froin the edrth-iorbiting sat- 
ellite LAGE08 | Ease ri Gebdynamics Satellite). 
• SSI* PWjeiiied by'^he riiRjor; in- 


periodic parameters, aggre^auP*’ • i- ^ ? * . 
gregation techniques; “ nS T‘ and Pf; 
modeling of uncertainties, Bay ^()f! 
Bayesian techniques, models^ ^fo . . 
infonnallon, models for. detKUO^^ 
and models, for data generation ^... -y • 

ing. 


be sent 
ment oi 


K*vac«Hcu uy ine niajor;m- 
^ ^ - i 1 ! 8 w U h . e3rt|i ; jrota iim» . suuibri 

basd in.es ^bfle^-tide.parame- 


abstruct 

Avenue. 


June 2&, 1983 EOS 


itnnsl information can be obtained from J. U. 
(telephone: 303-491-8480 tir 303-491- 

6047)- 

Scarching for More Physically Based Extreme 
Value Dismbtiiiou in Hydrology 

There is a great need in hydrology for ex- 
treme value distributions that incorporate 
more of the physics of the underlying prnc* 
esres- For floods, Lliis will allow the liydiolo- 
mu to make better use or the scarce data 
which is usually available for streaniHows and 
10 attack the problem of ungnuged catch- 
ments with a better approach than regional 

regressions. 

A special afternoon session will lie dedicat- 
ed to this problem. The topics to he covered 
will be scale and similarity in Hood frequency 
response, derived distributions for ungauged 
catchments, inhibition phenomena of Hood 
peaks, etc. 

A comparison session in the afternoon will 
discuss the most recent statistical techniques 
for estimating flood risk. A panel discussion 
diaired by John Sehaake will folluw the after- 
noon session in which new avenues of re- 
search on bodi areas of flood estimation will 
be presented. 

Doth sessions are under the auspices of the 
Surface Runoff Committee of the Hydrology 
section. For more information on this session, 
please comae 1 Juan B. Valdes, Room 48-331, 
Massachusetts Institute of Technology, Cam- 
bridge. MA 02139 (telephone: ($17-253-2) 17). 
The original of the abstract and two copies, 
in standard AGU format, should i>e sent to 
Fall Meeting, AGU. 2000 Florida Avenue, 

N.W.. Washington, DC 20009. 

Statistical Procedures for Estimation of Flood 
Risk at Gauged Sites 

During the last 5 years, research lias pro- 
duced many new and improved statistical 
techniques for estipiating flood risk and vari- 
ous qualities of die Hood-flow distribution at 
gauged sites. This session will review these 
new ideas and Bulletin 1 7 as revised in Sep- 
tember 1981. Topics should include ad\.m- 
tages of regionalization, regional skewness, 
empirical Bayes estimators, probability 
weighted moments and the Wakeby dinribu- 
lion, measurement error and its impact, non- 
parametric procedures, and the use of his- 
torical flooding information. A companion 
staion in the afternoon will examine the 
rearch for more physically bused extreme val- 
ue models in hydrology. The day will close 
whh a special panel discussion diaired by 
John Sehaake, Jr. Abstracts, in standard AGU 
format, should lie sem by August 15 to Jery 
H.Stedinger, Hollister Hall, Comdl Univcni- 
i). Ithaca, NY 14853. In addition, send the 
original and two copies of the abstract to Fall 
Meeting, AGU, 2000 Florida Avenue, N.W., 
Washington, DC 20009. 

Sjmposiumon Optimization Techniques Tor 

Managing Groundwater and Stream-Aqui- 
fer Systems 

Groundwater has been a largely uninan- 
*ged resource. Consequently, many areas are 
encountering problems of excessive local 
Drawdown, reduced sLreainflows, and 
groundwater coiuatnumtion. C'.ttvrciuly, 
groundwater simulation models are used to 
n*L° re management alternatives to solve 

problems. In the future, combined use 
!>'r ndwa,er s ‘ n,,, f al i°ii and optimization 
Kamques of mathematical programing may 
prove to be a tremendous aid to managing 
nwi 1 ater resouic e*. Such management 
els may be used to manage aquifer 
Prop in g and injection systems, to optimally 
r™* te waler in a stream-aquifer system, 10 
.l - a | e Foondwaier quality, or to inspect 
, encc ‘ nst *lutions upon patterns of 
re gwnal groundwater use. 

“ symposium on optimization lech- 
wred h* 1 ? rou nd w a ter management is spon- 
hmm. ■ '" C ^ rour tdwaler Committee. Ab- 
lem stant i ar d 1, AGU format, should be 
10 Stqven M. Gorellck, U.S. 
field ft?. \V ey ' Mail StQ P 2L 345 Middle- 
C Park - CA 94025. In addi- 

abu'n^,. ,ae , or igl n al and two copies of the 
AvS W Meelin g> AGU, 2000 Florida 
isCi Washington. DC 20009. More 


Systeriimic studies nr organic transport, tuuri- 
em cycling, and biological activities uf these 
rivers were undertaken only recently. These 
shore records and the results of recent or on- 
going studies constitute the only basis for 
documenting the characteristics of these riv- 
ers under nearly undisturbed natural condi- 
tions and serve as baseline data against which 
to measure future changes. 

This program is organized to focus atten- 
tion on scientific studies presently underway 
on the Rio Orinoco and the Kin Amazonas. A 
une-half day session of invited papers will he 
followed by sessions of contributed papers 
sponsored jointly bv the Hychology and 
Ocean Sciences sections. Anyone conducting 
studies on these rivers or on the coastal re- 
gions influenced by their flows is invited to 
submit ail abstract of the results or the re- 
search for considerau'on in the program. Ab- 
stracts, in standard AGU format, should be 
sent by August 15 to Carl F. Nordin, Jr., U.S. 
Geological Survey. Box 2504G, MS 4 13, Den- 
ver Federal Center, Lakewood, CO 80225 
(telephone: commercial, 303-234-2320; FTS. 
234-2320). In addition, send the original and 
two cupies of the abstract tu Fall Meeting, 
AGU, 2000 Florida Avenue, N.W., Washing- 
ton, DC 20009. 

Transport Processes of Excessive Sediment 

Loads 

Much sediment transport theory is based 
on low and moderate sediment concentra- 
tions and may not be applicable Tor exccssing 
sediment loads. The Erosion and Sedimenta- 
tion Committee of AGU is sponsoring a sym- 
posium to review the staLC or die an for ex- 
cessive sediment loads. 

Some of the subjects already accepted for 
presetualiua include a comparison between 
research on hyper-concentrate sediment loads 
in the People's Republic uf China and the 
United States, excessive sediment loads din- 
ing the Mount St. Helens episode, pipeline 
transput t of slurries, and an overview ol the 
American Society of Civil Engineers Task 
Force on the effects of high sediment concen- 
trations on velocity profiles and iranspori. 

Submission of additional paper* dealing 
with the general ureaol transport piuicssc* 

«>1 excessive .sediment loads is encouraged. 

Abstracts, in standard AGU formal, should 
he sent by August 15 to Walter F. Mcgahau. 
Fin cstiv Sciences Lalmmuu y. 318 East Mm tie 
Street. Boise, ID H37»2 0 deplume: commer- 
cial. 298-334-1457: ITS. 554-H57). In addi- 
tion. send the original and two copies ol die 
abstract to Fall Meeting, AGU, 2U<)(* Florida 
Avenue, N.W., Washington, DC 20009. 


Papers presented at this .session may also lie 
published in Water Resources Reseaich. Speak- 
ers who would like to have their papers con- 
sidered for publication should provide a com- 
pleted manuscript to Walter !■'. Mcg.ihan at 
the time of the meeting. 

Treatment of Evapulranspirat ion. Soil Mois- 
ture Evolution, and Aquifer Kcthuigc in 

Watershed Models 

The session 's invited and conii ihuted pa- 
pers will explore the manner in which the hy- 
drologic phenomena of evnpotranspiratiou, 
soil moisture evolution (including interflow), 
aquifer recharge, anti aquifer return flows 
are treated in current (small) watershed and/ 
or river basin models. Papers addressing the 
physical or conceptual lias is for the treatment 
of the hydrologic components, the detailed 
structure uf Lhc mathematical models, the va- 
lidity of the approaches taken, the case ol cal- 
ibration of the subsurface parameters, the 
experience in use tfl the 'models, etc., arc wel- 
come. Abstracts, in standard AGU format, 
should he sent by July 29 to FI. J. Morcl-Scy- 
toux. Department uf Civil Engineering. Gilo- 
rado State University, Fort Collins, CO 80523 
(telephone: 303-491 -5448 or 303-491-8549). 
Iu addition, send the original and two copies 
of the abstract to Kali Meeting, AGU, 2000 
Florida Avenue, N.W., Washington, 1)G 
20009. 


Water Quality Analysis ol' Impound mem* 

A session will l>c devoted to the analysis ol 
water quality in ini|}otiiidniciits ami i iver-ruu 
lakes. Among the topics of fine test will be ( I ) 
mathematical modeling of reservoir water 
quality, including cutiophicalion, bacterial 
pollution, and toxic cnntamiiiaiiuu; <2) the 
role of suspended solids in determining the 
water ([iialiiv nl fiii|Niiiiitlnienis and i iver-ruu 
lakes; (3) churactcrizatimi »i diflusinu and 
dis|K.TSiou in iiii|x>iindinettis; and (4) the def- 
inition uf eutrophication lot tcscrvoiis. 

Other topics related to aspects of water 
quality pcudiui to nnpoiindliiciils and rivet - 
run systems (in contrast to iiaiuial lakes) will 
also lie considered. 

Abstracts, in standard AGU bn mat. should 
he sent lit August la to Stetcu G. Chiipra. 
Environmental Engineering Division. Ciril 
Engineering Depamueni. Texas A&.M Uui- 
versitt. tail lege Station, TX 77843. lit addi- 
tion, semi the original and two copies o) the 
abstract to Fall Meeting, AC»U, 2000 Florid-t 
Avenue, N.W., Washington. DC 20009. 


Itoffical 3 ' r Manoutc h Heidari, Kansas Geo- 
913-864-56723 LaWrenCe ‘ Kansas (telephone: 

c ^ e Amazon: Hydrology', 
Geochemistry, and Ecology 
,Ur Be Tropical Rivers 

Amaatn'h™ P ,t> P on ‘ on s of the Orinoco and 
ticaJly (I,,-: Sms , are 10 he modified dras- 
man activii^ 8 l ip nexi severs >l decades by hu- 
an d other wa' ^ e ^ ore8tat,0n * hydroelectric, 
pollution rJ aier " resQurce8 developments, and 
neavv inrii,.?^ P u ^P w °od processing, mining, 
•he naturp r r 1 ^’ a, . lc * refin ® rie s trill change 
Solved m 1 1 . nver Hows, the solid and 
^Hicai ® leria h l hey transport, and. the 
N °t tnuSu^ l,nilies lhe V s us ,a 'n- • 

A few | 0 _ “ knpwn about these two rivers. 1 

“fiMm-BanJ; 600 ™ 8 of river stage exist, but ■' 
'hn 2() ? P r °grams were initiated jess 

Gotland -1° ' so slr ® a niflow l-ecords .are 

^hcharjre f .r u e 'y t * a,a ar e available on the 
« dissolved and solid materials. 


Sample Abstract 


Technique for the Preparation of Abstracts 

F. R. S. T. AUTHOR (School of Oceanography, 

Hydro University, Watertown, Mass. 02172) 
s, C. N, D. AUTHOR (USGS, Woods Hole, Mass. 02543) 
(Sponsor! I. C. Alvin) 

Follow this example in typing the abstract. The 
printing plates will be prepared by photographing 
the abstracts exactly as they are received, except 
that abstracts exceeding the maximum length (18 an) 
or width (11.8 an) will be cut to conform. 

Use a good typewriter with a ribbon in good 
condition. A carbon ribbon gives the best results. 
Please use type of about this size. Use 12 pitch. 
There will be a reduction of 50% for the printed 
abstract volume. 

Follow these guidelines: ; 

(1) Type title in capital and lower case letters 
except where all capitals are standard. 
Underscore entire title. . • 

(2) Leave one line blank after title. 

(3) Type names of authors in all capital 
letters, with affiliation and address in 
capital and lower case letters. Do not leave 

blank lines between authors. . 

(4) Underscore the name of author who will 

(5) If 6 no n au^ r is an AGU manber, type sponsor 1 , 
name in capital and lower case letters. . : 

/ g i Leave one : blank line, after author ,block . 

1 (7) ■ Neatly drawn i in symbols;, or Gr,eek. letters are- 
: acceptable.; ; Use, India, ink. . • : ■ f 

: ■ (8) • Use SI units. • j.;' ; ‘ ;■ • ■ 


SPR: lulerplatielaiy Rhynes (SS> 

AM PTE Tliwiry and Predictions 

TlicSnlat- and Imerplanetary Physics and 
tlte Magncttisphcric Phvsics sections arc ro- 
spousurtttg this all -day special session. The 
purpose nl the scssfim is to increase aware- 
ness of the AMP LE science objectives and to 
expand die base of relevant theoretical work 
ill anticipation nf the fimtich of (lie Active 
Magnciusplieric Particle Tracer Explorers 
mission in August 1984. (For more informa- 
tion on this mission, see Krimigis ct al., Eo», 
p. 843, November 9, 1982.) Invited speakets 
will discuss the interaction of large plasma re- 
leases with the solar wind and the transport 
of inns through the magnctosheath. the mag- 
netopause, and within the magnetosphere. 
Contributed papers me solicited, particularly 
in the areas of ton transport through the bow 
shock, niagnctuputisc entry, magneiospheric 
transport, and wave excitation in mixed hot- 
cold plasmas. Papers presented at this session 
may also lie published in the Jon run J nf Geo- 
physical Research. For additional information, 
please contact S. M. Krimigis (telephone: 301- 
953-7100). Alixinicis should be directed to 
the SPR:SC!/SS section and should cleativ in- 
dicate that they arc for this session. Please 
send the original and two copies of the ab- 
stract in Fall Meeting, AGU, 2UO0 Florida Av- 
enue, N.W., Wash ing u m. Df. 20(11111. 

Tirtunnphysics (T) 

Tectonics and Sedimentation in Active Conti- 
nental .Margins l jointly .<)Hiiisnred by Ocean 

Sciences) 

This special session, jointly spot wued hi 
the Ocean Sc teiu.es ancl Tec louopbysii s sec- 
tions. will focus on new work dealing with the 
mlc ol sec lime malic hi processes in t espouse l«» 
trcionics in active nut gins, ('.nrrclation ol de- 
posit lonal systems to tectonics, diagenelic 
changes in response to tecnutK processes, 
sediment variability in active m.ngins ami 
their causes, sediment, dclot nation dmiug 
deposition, and regional patterns of seditnetr- 
uttioti are some of the topics in be included in 
this session. Abstracts, in standard Alii loi- 
111111 , should lie sent hv .Se|iteut)K-i 14 to 
Geoige de\'. Klein, L'lttveisiiv ol Illinois .it 
U vltitiui-Ghat itpaigit .245 Naiutal Uisuuv 
Building. I'UII W. Green Set ret. I'ihuii.i. II. 
dlMOI-2999. In udditintt. send the original 
and two copies . ■( the .ihMr.tti lo Fall Meet- 
ing, AGU. 2* mu Hotida Aten ue. N.W.. 
Wasliingtoii, DC: 201)09. For mme inlorui.i- 
tion, contact George tleV. Klein (telephone: 
217-333-2070). 

Meetings txmt. on p.dt-t 1 


Submittal Information 

(Sea explanation) 

1. Pall Meeting 

2, AUTH052536 


M.VZ0 12548 (Sponsor) 

3. (a). Corresponding address i 

S.C.N.D. Author 

MS 123 

UBOS 

Hoods Hole, MA 02543 

(b), Telephone number 
617-548-1234 

4. O (Ocean Scienaes) 

5. Special Session i 

HEBBItB 

(or none) 

6. P (Poster) 

7. 10% at Midwest Meeting 

8. (a). Hydro Univ. 

Accounting Dept. 

Admin. Bldg. 

Waterbqwn, MA 02172 

- (b). F.O. 15684739 

(o). student rate applicable 

(d). if prepaid enter amount 

enclosed. (F.O, 'a requiring 
' .invoicing are not eligible 
■ for discount -rate) 

9* - C (Contributed) 


Abstract Desdllne:.Sepicmber 14 !, • 

Mall original and two copies to 
Fall Meeting i 

American Geophysical Union 
pO) 2000 Florida Avenue,' N.\Y. 

Washington , D.G. 20009 . ' 0 
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Meetings (emit, f'rum p. 47J) 

Volmnnlogy, (lmrhtmi\hy, ami I’etmlngx (D 

Calderas and Associated Volcanic Rocks 

(Krakiil.ni Get itcii nidi) 

I lie origin nr c aide ran and their relation in 
pyroclastic Voltairism uni first hi <m^ht inm 
focus by (lie cants linphic. LTD |)( inn ul Krakn- 
lau in 1883. One bundled ycais liner, much 
work is tona-iit ruling on the liislury of cnlde- 
ra-1 n ruling volcanic scqucntcs, raldera-ru|- 
lapse mechanisms, die iniviiuil structure of 
calderas, and pcn-nlogii evolution ul'caldera- 
rclaied igneous rocks. These and oilier topics 
of vulcanic calderas will lie die subject of a 
centennial symposium at die AGU Full Meet- 
ing; contributions are welcome. Please send 
the original and two copies of the abstract to 
Fall Meeting. 2UUC1 Florida Avenue, N.W.. 
Washington, DC 200011. For further informa- 
tion, coniact the convenors: Stephen Sell', De- 
partment of Ccology, University of Texas. 
Arlington. TX 76019 (telephone: 817-373- 
2987); (-Irani Hciken, Geosciences Division, 
Los Alamos .Scientific Laboratory. Los Ala- 
inus. NM H75-I5 (telephone: 50ri-G(37-ST77): 
or Peter Lipman, U.S. Geological Survey, Box 
2504(1. MS 1113. Denver. CO 811225 (tclc- 
phnne: 303-231-2901). 

Cascade Vole .in is in and Implications for Geo- 
thermal Resources 

T he Cascade volcanic ate in the non Invest- 
ern United States has heen the target of in- 
tense multidisciplinary geologic and geophysi- 
cal .study in recent years, with major foci on 
geothcrntal-rcsmirce poteiiti.il and vokauic - 
Iiii7a r*l analysis. This special session will pro- 
vide both Iniiiid summary overview's of recent 

work and also report on new detailed studies. 
Convenors me Patrick Midllcr, MS HOC. U.S. 
Geological Survey. 345 Middtelicld Road, 
Menlo Park, CA 04(125 (lelcplione: -115-323- 
81 1 1, ext. 4151). and Wendell Du (licit! , U.S. 
Geological Survey, 2255 North Gemini Drive. 
Flagstnir. AZMMMI1 (telephone: til)2-765- 
7295). Send die original and two copies of 
the abstract to hull Meeting. AGU. 20IJU FUir- 
ida Avenue. N.W., Washitigtnn. DC 2(101)9. 

Gtean-kidge basaltic Voliaiiisnt (l.aki flio- 

tc menial) 

Hie erupt inn ul Laki volcano on Iceland in 
1783 is the most vnhniiinuus basaltic eruption 
of the historic record— 25 kin\ This special 
session, 200 years later, will locus on petro- 
logic and structural features of ocean-ridge 
solcaiiisiii. limit in Iceland and worldwide. 
Especially timely would lie to compare rite 
s abac rial and submarine niorplmlugic le.i- 
liues of rift-zoiic lokanism. Fur liutltcr ju- 
ror mati on, contact Haraldur Sigurdssun, 
Graduate School of Oceanography, Universi- 
ty of Rhode Island. Narraganseit, R1 USSS** 
(telephone: 401-792-6590). Send the original 
:md two copies r.r the abstract to Fall Meet- 
ing. AGU. 2000 Florida Avenue. N.W.. 
Washington, DC 2UOOH. 

Structure and Dynamics of Hawaiian Volca- 
noes 

Recetu geologic, geophysical, and petrolog- 
ic studies of Hawaiinn vulcanism, with special 
emphasis on the 1983 ei option of Kilauea. 

For information, contact Robert Decker, U.S. 
Geological Survey, Hawaiian Volcano Obser- 
vatory. HI 96718 (telephone: 8U8-967-7328). 
Srnd the original and two copies of the ab- 
stract to Fall Meeting. AGU. 2U0Q Florida Av- 
enue, N.W., Washington. DC 200U9. 

Meeting Reports 

Valles Caldera 
Workshop 

A Gun tin ci Hal Scientific Drilling Project 
(CSDP) Workshop, attended by 87 scientists, 
focusing on the Valles caldera was hosted hy 
Lite Department of Energy and the Los Ala- 
mos National Laboratory, on Gc toiler 5-7, 

1982, in Los Alamos. New Mexico. The cul- 
dcra, a large. Quaternary magimdiydruthcr- 
mal system, lies at the intersection of the Rio 
Grande i ift anti the Jcmez lineament in 
north-austral New Mexico and it a prime site 
for the first, deep drill holes. 

One major objective of CSDP is to develop 
a broad scientific understanding of the nans 
of an active hydrothermal system associated 
with recent igneous intrusion. Surface geo- 
logical, geophysical, geochemical, and livdni- 
,. kigtral data, along with in form ;it ion irum 
shallow exploratory drillholes, will lie used in 
(lie process of interactive development and 
testing of models and hy jmihesex for such 
. systems. Ultimately, deep drilling will be es- 
sential to provide direct sampling of fluids 
and rucks at depth and to measure directly 
■ the critical in situ physical parameters. Thus, 
deep drilling research becomes an integral 
and necessary component in the synthesis, re- 
finement, pnd verification of three-dimen- 
sional models iif hydrothermal-magma sys- 
tems and processes. 

The Valles caldera was selected as an at- 
tractive site for deep drilling because (1) thf 
regional and local geology, geophysics, and 
geochemistry. have been Well studied; (2) litii- : 
ologtc, geochemical, and. thermal data have 1 
been obtained From many geothermal holes ' 


drilled to depths its great as 4.5 km; (3) liquid 
and possible vapor-dominated hydrothermal 
systems occur; and (4) geophysical anomalies 
suggest magma or iiitersiiti:il melt at depth. 

Key recommendations Iroin this workshop 
include (I) the need for drilling several inter- 
mediate-depth holes (1000 ni) prior to drill- 
ing a deep hole to enhance knowledge of the 
thermal regime at Valles, (2) the need for 
continuous curing in any CSD holes, and (3) 
the requirement to determine unequivocally 
whether magma exists beneath the caldera. 
The rccummendiitions and the rationale for 
them follow. 

Geophysics Working Group 

Participant? in die Geophysics Working Group of 
the Valles Caldera Workshop considered two relat- 
ed questions: 

1 . What is the evidence for interstitial mcli un- 
der the Valles caldera? 

2. What critical experiments should be per- 
formed to determine tlic presence of nidi under 
the caldera? 

The discussion group Tell that presently ihere is 
insufficient evidence to say unequivocally that llicrc 
Is interstitial nidi under the caldera. However, evi- 
dence in hand supports die thesis that a melt zone 
might exist aL relatively shallow depth {<12 km) be- 
neath the surface. 

Preliminary geophysical evidence in support of 
melt is extensive: 

1. Seismic analysis based on chemical explosions 
detonated near Farmington. N.M., allows both S 
wave and amplitude .men nation us well as P wave 
delays and tclcieismic frequency changes suggesting 
anomalies Itcncndt the caldera. 

2. The lack of earthquakes under die caldera in 
com |rar Ison with an otherwise higher regional seis- 
micity Is evidence fur a change in mtiicruil behavior 
in the rocks below the caldera. 

3. An upper crustal seismic units mission anoma- 
ly exists under the resurgent dome in die caldera. 

4. Gerhard Sithr’s niidcriisial seismic mtalvsis 
suggests an anomaly. 

5. An electrical conductor exists at 10-12 km be- 
low the caldera and is coupled with a regional elec- 
trical anomaly, 

6. The caldera rest? on an area of very high heal 
(low. 

7. The temperature gradient analyses of Swan- 
berg suggest a magmatic heal source.* 

H- The gravity analyses i>r Cordell. Seascr, and 
Wilt suggest an anomaly. 

9. The very high temperatures f32U°C) at the 
hue nf the HDR Kenton Hill l.ulcs and the direc- 
tion or the nte.uured gradients suggest a major heat 
source. Perhaps the most compelling evidence con- 
cerns the recentness and long liisiurv or volranisin. 
together with gcologfia! arguments. 'mid ihcrnial 
modeling. 

The Working Group Tell that future geophysical 
work should concentrate hrst on completion uf the 
reconnaissance investigations current, then initiate 
high resolution geophysical research concentrating 
on the upper 10 km or the crust. This high resolu- 
tion phase of research should focus on six tophi 

Rteommendahons 

l. I me rated iaic- depth drilling. Several inter- 
mediate-depth holes should be drilled in and 
around Valles caldera to obtain additional thermal 


gradient iiieasiireinciiis w lx- used Im uiulc-i si.tinl- 
ing the thermal regime in ilieiiu.il imulrling. I uu-s 
should he obtained fiutii the link's to -lid in i«-liiiing 
die geology. Holes should he logged In nhi.iiii mlu-i 
physical properties iixvlul in mixleling le.g., ili-milv 
measurements). 

2. Thermal mnflcliug. Ailtlilhinal tin, tiled tlu-t- 
mal modeling using till available gculugii .mil gru- 
physical constraints is needed. Mudrlitig sbuuld en- 
deavor to determine the vertical extent ul (he iippci 
hydrothermal convective system and iitudt-l ilu- 
deep crustal thermal regime. 

3. Seismic research. Additional seismic studies 
should lie designed in fouis mi the thin-tlimcii- 
sional structure of the upper It) km i>1 the ct nil 
near the caldera. 

4. Elect ruiuagnciit rcscaitli. High spatial u-so- 
lutiun cleeinimagnetk studies me iieetleil In delin- 
eate the crustal conductive anniii.ilirs in an ellm t m 
map the known ncar-surfact- liydi otlieriii.il ssuctii 
and the suspeaed dc-ejter regions nf itic-li. 

5. Gravity niotlcllng. Deuiled gravity tiindi-ling 
using all available geologic and geophysical < nu- 
ll rain Is is necessary to strip the elfccts ul the I ’ba- 
ne rozoic cover and facilitate modeling ,,l the deep 
cnistnl slniciurc hcncaili the caldera. Stic It n it Hid- 
ing may yield additional bounds on the suspected si- 
licic magma body. 

6. Downhole geophysical sensurs, A variety u! 
downhole geophysical high iciuperaiiire senuirs 
dioukl be developed to be used in available links, 
and results should be coupled to surface gc-tiplis-tit al 
surveys. 

Geochemistry Working Group 

The quest ton addressed by the Gc-xheinisuy 
Working Group was. What is the liatllic ul the- hy- 
droihcrntal systems created when a silicic inagnia 
body is emplaced beneath the Valles caldera? To 
answer this question, data must be collected that de- 
fine the hydrothermal systems with respect in llttid 
chemistry, geometry, and solid phase composition. 
Stated another nay. Wltai processes produce the 
various systems associated with the Valles caldera? 

To pursue these data, wc recommend drilling live 
exploratory holes 1000 in deep (sec Figure 1) in 
learn more about the nature or these hydrtitlieriitiil 
systems: their recharge, discharge, jrerincahilily, 
and associated phase chemistry. Specifically, wc 
want to learn more about the following points 
(numbers refer to the numbers in Figure 1 ). 

Recommendations 

1. The thermal regime in the southwest ring- 
fracture zone to determine if it is a discharge zone 
and to discover more about differences in fluids and 
alteration phase assemblages in igninihriic, c.trfmn- 
aic. and the Prccamhrinn rocks. This hole could lie 
located near the youngest moat rhyolites in the cal- 
dera and thus satisfy one objective or the Geoluuv 
Workiog Group. 

2. The intersection or the northeast fracture 
zone and the central gnilscn faults ui dcicniiinv if 
thts area is a recharge zone for the tleeji system. 

3. Tlie nature and degree of a , in- 

eluding wall mck alteration, between the smi reeled 
vapor dominated zone and deeper Iivdimlu-rmul 
systems in the Sulphur Springs area. I urinations are 
1 , the boundary between these zones moved down 
with time. 

4. The northeast extension ur the hydmtlicrmal 
system into the Jaramillo Creek area along the ccit- 
iral graben faults. 

Our objective for a deep hole is it. study 
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intsh to the tk-pil. desired. 1 |,.1c 3 prcjc. 
op|.mt.u.iiv to stu.lv rompletcly the mtdS 

tnliltratton is,,, (fluid tonm*^ 
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Geology Working Group 

CSIIl' may pioviilr the lirst sampling of 
[nuitni liniraih a (.il.lna minplcx. from the 
speitive nl geology, these samples will 
knowledge ol itugmaik and cnuul ciobidah. 
points tlescrtln- the need fur general and nmi 
studies, values ol deep sampling, need facwL 

« 1 lit me for the deep-drilling loufcw 

within the Valles caldera. J 

Rrn<minciiitiilhiii\ 

1 . We need a synthe.sis re | ion on caldm 
and for regional geologic Mi it lies. Maximum sh 
lilti value ul CSDP will occur only If muluofi, 
drilling can lx- inlet preted adequately. ImtmJ 
lion requires kltowk-dgc ol the regional g»Va» 
ling for deep drill holes and an adeqvaif piedin 
model Ihtsetl on studies of comparable locaSikiF, 
dec], sampling nf magma-hydrothermal qstms B 
ail active caldera complex, the predictive modd 
must be based on other active caldera and on'k 
sil" laldcra complexes exposed b) crositiiL Hmr 
an extensive literature on both active and fouJo) 
dera-geuthemidl systems, but on adequate entp 

hensive ,,f these systems u lacking. As: 

purtant first gu.il for this phase nf CSDP musi I. 
the prepat at ion of such a summary; if the Viln 
caldera is a drilling l.iiget. its tlceper reatum 
slimikl he anticipated in terms of other type* 0 & 
ra systems. The summary document mar mum 
basis lor sek-cting the best CSDP location for ltd- 
of im a. live it vri mi hernial svsicm- 

Ln-lier u-senrrh on well-exposed fonil.aldmr-i 
Ictus is an important basis for extending the soeo- 
liltc value nl C!.S|)P ,md a strung argument for 
drilling in an active caldera system- Minenbinx-, 
alteration, and thermal aureole . k r cb poeeuir 
most active in the last stages or caldera nupuw- 
liilinn. Hitler exhumed cttlilera sysietm arr »rt- 
printed by these leriuin.il events. Deep driDingQa: 
a. live « ahh-ra svst.-m may cLuify an igreuusr> 
theiuial histmy that might then lx- extrapolated r-- 
ec-niii.niit,illy imp, .il.inl tab (eras wuldwidr. 

Km the Valles .aldt-nt, the i elevam geckgu' 
I'r.iiiiewoik im Index I’rei anil irian rocks of tktSs- 
itik-iito Uplift to the west, ova lying Palwroic i"L 
incuts, atui C.-tt.i/oie .sedinieiilaiy and igneoun^ 
to the east that aid ill umleistHuding tlcvetopuw 
of the Kio Gran. k- till with its associated dtpxn- 
al lusins east ;uul sottilie.LSi of die JemeiUomW 
2. We nee, I deep samples iroin an actiw«&* 
system. The cx]R-use and clforl of deep dritogw 
lx- Ix-ai rtqxiid if drilling is designed to empluw 
u ndei slam ling of gi-ology at depth. In 
ru, then- is knowleilge Iroin drilling at Frame Hu 
and oihet localities iniisjtk- the wntcm msipn« 
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Fig. 1. Detailed map shows approxi- 
mate surface outline of Valles cnldcin and 
resurgent domes. Nuralicra refer to sug- 
gested [orations of intermediate-depth 
holes suggested by the Geochemistry 
Working Group (not necessarily endorsed 
by the workshop). See text for complete 
discussion. 


the caldera and fiotn drilling in the resurgent rimm- 
within the caldera. Depths ul -1.-1 km ami ic-nqierd- 
ntreiuf -SSI^C were iCHched. Utillluw tuffs, i.ilck- 
ia fill, older Cc-noznic vulcanic rucks. Crthuoir and 
Paleozoic sediments, and frc-cambrian basement 
here sampled. Gnnrentiunal drilling yields much in- 
{nrmaiinn; the underlying pinion margin remains 
unknown, features of the intrusive auroulc arc un- 
known. 

Down -hole geophysical studies and stress-rdax- 
iiion research can be made on oriented core. De- 
tailed sampling must be a major gual ul C-SIJl*. 

3- We must collect deep cure samples. Collection 
uf deep samples must be a ntajur goal uf CSDIV 
Currently available sampling let It oology should lie 
used extensively early in the CSDK drilling sched- 
ule. Cured exploratory hules will answer itiativ t|ues- 
tkuti about intra-caldera lakcbcd and vrik.it tic las tic 
rtratigraphy, detailed magnet ns I rati graphs- filte 
Varies caldera already provided the type locality lor 
the brief Jaramillo event), and Ck-tHizni, lecionisni. 
Gieiter emphasis, however, must lie uii adequate 
dnp sampling, where the greatest rewards lie. An 
nerall geologic goal of CSDI 1 must be collection ol 
these unique, deep samples. Preliminan cxplor- 
alert drillholes can be cored through, mi, hut ilu- 
pavback front deep hides will lie 1 ,l-sc In* dtilling lu 
depth as rapidly as possible and then concent rating 
on sample collection. 

4. Siting uf CSDP deep hules: A gciilugk pet • 
ipeahe hase.1 on Valles enhk-ta. The value ul ( .SIH 1 
d«p drilling is based cm cxpluratinu id deep geo- 
logic features. Ability tu reach dcc-p magma -related 
features, in particular tlic pUil.m margin, imisi Ih.- 
the major emphasis. One criterion that might help 
to site a deep hole is occur rente oi liter vnungesi vul- 
onit centen. Tlic young nmai-nme silicic dumt-ft „f 
foe Valie* caldera are ap]>calitig targets fm drilling 
Ixaliljei. Besides drilling near the must recent 
eruptive pathways, a icnaiiiy neat >»ne -if iIh-.sc- 
'^8 domes will help to investigate deep features 
"°iJ8 ‘be ring fracture that Imuiids c.ildcra collapse. 
Such fracture systems can be seen in cider, dissect- 
w calderas to be major padiwavs fur liyditiilierm.il 
"erauon and mincntlizatiun. Drilling “jnliujnr uf 
wring fracture near one ol the young silicic 
®nws could provide a sample ul active processes 
“Wgihis vital fracture system. Tlic local it m uf this 
“J* could satisfy tlic drilling objectives nf tin- Gon- 
™V forking Group. As a sccimd prioifiv, an- 
de 'P hole "outboard" nf the ring fracture syv 
WQU *| provide samples frum u nc.trbv hut rela- 

nri n -n- e MCllnn v,,,ra,lit deposits and tutmiry 
• DnUing near one of tlic youngest silicic thnut-s 
w a favorable locality in tlic Valles caldera frum 
j.. r ° r and also beeause id die existing 
Urn i,a arCfls outside the wcsic-t n caldera rlnt 
? n and in die resurgent dome (Union 
BMdtermal drilling prugrani). 

Wiling Technology Working Group 

bo^i n8 - dri ! Iin8 technology is adequate to drill 
Valles Caldera to temperatures of 
aKriJr UJ ” d8c, ? cm HM readied alter reviewing 
ce .^ incd ‘ n development of the Union 
^ aca ®* le ant * 'he Los Alamos National 
Jj} ^ cnton Hill HDR site, litis experience 
n 3l Pf cts drilling in volcanic, sedimcnla- 

ttinneM, !fitaUlnt ‘ basement rocks and at substantial 

SSS 1 »«:, .nd dc,,!,, MJTO 

OMrailrm. aril , n B ‘"to deep basement following 
ma] u.in tlcetI 1 c d ro study the shallower hydrothcr- 
r«ol «'25 be •>«>• difficult and costly. We 
<ach n r,k- . ll, . n 8 separate holes to investigate 
firiHil,/ h ° ! hcrmal rcfP'^es. 

*re inad(5,f XperienCe indica 'es strongly thaL cuttings 
miiient ?» ale I arid d™ 1 ™ring, either total or inter- 


, , ' a Lttrtl “ring, either total or inior- 

li|)R nrrLv. rcd ' A corill g bi t developed for ihc 
anrf J =Ki| ,Ilay adow ho ' h reasonable driUiiig 
the Bq.-,, , 1 ‘I 1 lo c °re continuously, especially in 
Mclions - paiticular interest is 
big j “uld be developed between cor- 
fnand rr , r ;„ , measurements, After core is tak- 

diuaiKp anT C ^‘ ‘ s pulled hack some chosen 

4rwi Kh rwJli! eqUe i nc , e 0 Egging tools is run 
quencc alkwT 1 ^ COO Ct ^ °penholc region. This se- 
. * great cconomv in mu- nF ihp drill rlo 


* n d an cm™,- ^ reat ^ortotny in uk of the drill rig 
drilled. In^la*.- Uncicrsiandm 8 oi l,,c region 
lirtnal W:.., ' K ? 1, COQ ling allows use ofconven- 
ttnai |n ,i,. . 1 a,,t * techniques that could not 

t^nile of’ 1 ™ 1 

Ruining samnU , P rti 8 ran, > °u r primary goal is 


our pnniary goa 
^hodTiu J|[P! c l ^ an d. measuremems; drilling . 

“ be tailored to optimize this goal. 


ft °re) should facilitate sample 

menu. and borehole geophysical measure- 

•d *«liinem« r . Cl,hermal s >' slc, n located In volcanic 
1,1 ted with a hnlLul? 8 ^otdd be examined and 
ari granite |-SS?° C lerm i r tating In the Prccambri- 

3. Thf. hr, u m t,e P'h)- 

U,e ° r > tecenilu*! 6 ,t J ou, d be continuously cored. 
c fT«al3in e rii- m ^ ““reloped hybrid roller cone/poly*. 

I* (r. p«duir ■ 

Tnns - roller cone/PDC core Wt, 

UsenT.M Coune <t- 4. ’980) is recom-, . . 
this t net hod of drilling allofvs gto- 


pliysttnl lugging thrrmgh the curing bn imu the , 
■ ipen hole wmIhiui reiwnring tlic drill strinu. Suli- 

‘rituined In this technique ,ill,..ws „h- ! 

nl conventional lugging mah. 

4- High temperature- laseiiKiil unricriving the 
hydrotbeniinl system si, uuld be examine, I and test- 1 

ed with a scjianuc borehole. 

5. Basement sampling should lie d..nc on an in- ' 
wrmiiirni l,,tsiv with full size cores hi using the cor- 
ing bn described. Geophy sical logging should lie i 
done immediately after retrieval of the cure. A | 

method of coniiimoiu coring in whirit a small diam- 
eter . urc is cut by a roller tone bit that has :t smaller 
diameter center lt-.lo and is then removed hy re- 
verse kiruiUiun diutild be exaniiiKil ("coring spil- 
ling bit"). 

li. Further examination ol methods lor reducing 
maximum icnqicnlurr seen bv the drilling bits, die 
drilling siring, and the nieniiii ing equipment is de- 
sirable. One possible method is use uf an insulated 
drill siring. 

7. Certain measurements require (hat took he at 
in situ temperature. .Substantial icthiiiral develop- 
ment is required if temperatures exceed .WC. 

8. Further development work mi high-leinpcia- 
lure drilling fluids, corrosion inhibitors, and losi-cir- 
aihliun inaterLils will aid deep ilrilling uperaiions. 

9. Exaniinatiun should be given to high tem- 
perature turbodrill systems and in methods that 
adapt litem in existing high-performance tullei- 
cutte bits. Such development will substantially re- 
duce wear on the drill string. 

1 0. Use of existing wellbores would aid icclmn al 
developments. Wellhores exist at tlic K-nmn Hill 
HDR site and ai the Union Gciilienii.il Utica site. 
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HDR Geothermal 
Exploration 

Introduction 

14ol dry iolI. (HDR) is delined as that pan 
uf a geulhcimul umunali where the fluids 
needed fot prudnciiuii uf steam m lmt w.iici 
are lacking. Most uf the world's gcriiheini.il 
resource is not present in the form nl natural 
livdrniliennnl systems Iml as HDR. IVvelnp- 
iiteiii nl tiiis rc-'intree ilirougli the use ,,l 
tnaumade geuilicmi.il systems is in pi.igics-. 
in several countries. The largest nf these ex- 
periments, the Fenton Hill HDR geutheiin.il 
project, is funded by the U.S. Department uf 
Energy and the guvcniincms of West Germa- 
ny and japan. This project is located a short 
distance west of the rim of the Valles Caldera 
in the Jcmez Mountains uf New Mexico. As 
the Fenton Hill experiments progressed, it 
became evideiu that die location and extent 
of the HDR geothermal resource in other ar- 
eas should be evaluated and that potential 
HDR drilling sites be located as part of a 
comprehensive program needed to encour- 
age its development. Because the HDR re- 
source lacks the sharp physical and chemical 
cunlrasis produced by natural fluids, it pre- 
sents different exploration problems from 
those of conventional hydrothermal explora- 
tion. The purpose of a workshop, held in Los 
Alamos, New Mexico. June 21-23. 1982, was 
to review geological, geochemical, and geo- 
physical exploration methods currently used 
for HDR recognition and resource evaluation 
and to evaluate new Ideas for HDR explora- 


Heat Flow Criteria 

Heat How. because it involves direct tem- 
perature measurements, is usually the ulti- 
mate standard for evaluating geothermal oo- 
tenlial. Its importance increases as die scale 
of resolution narrows to thaL of choosing 
drilling sites. . 

Crustal heat flux varies between regions or 
relative geological stability such as eastern or 
mid western North America and the more ac- 
tive regions like western Nordi America 
where crustal temperatures are usually hot- 

te For stable regiphs J. Cosuiin (Virginia Poly- 
technic Institute and State University) cued 
several geological settings that seemed prem- 
ising Tor HDR. These take advantage of Me 
fact that heat flow is die product pf thcrnill 
gradient qnd thermal conductivity: therefore, 
regions.oF low thermal condbcuviiy can have 
rather high thermal gradients and hence high 
temperatures, at. moderate .'depths, ^yen- 
though l\cat flow is only average- H«>t flow is 
further enhanced if loca crustal heatgene^ 

don is high. Hence, two hltereslmg HDR pps 

Abilities would be regions of 

but-deew relatively insulating .sedimentary - ... 

rock and regions of high heal 

such as a granitic- pjucon over-lain b) blanket 


per mu nl I L- mmiucs where the dk-nn;il e II it re 
have mil vei ililfusi-d to the upper trusi. 
llinze cited therttr.il .nium.ilies within die 
Mississippi Embay mem as a pussilite exampk- 
ui “chainieliiig" by a Ruud thermal , unilin im . 

K. German (Univeisitv ul Nebraska ;<■ l.ju- 
coln) attributed high ii-inpeiuiiires in westi-in 
Nebraska in die liyiiroilierili:il i in iiLiiiun 
mechanism, as did I). I lodge (SL'NV. Uutl.i- 
lu). to explain high bnitniii hule leiiipi'Rilures 

in hasi-menl ruck ueai Alibi New Vmk. 

lleiRc. frum the slant! point uf lu-.u Must 
mellinds HDR explmaiiuii in ulder "stable" 
cuntiiiciildl crust involves dnee criteria: 1 1 1 
locaiiiiR reginiisnf relatively high heal liras-, 

(2) idcniitving regions ul law tlieiiuul con- 
ductivity, anti (3> determining radiogenic 
heat prmliiriimi in liaxcmcni mik. 

Because ul a tar gieaicr density ut diet mal 
aiidiiiulies, tec Untie mnes such as the western 
United Stales have enjuyed u much liiglier 
level ui gemliet-iiial cxpiuraliun. and many 
geothermal aieas have Ik-cii identilied. I lure, 
an uhviuiis HDR explur.itiun technique cited 
by D. Blackwell (Soul lien t MellitKlisi L'niver- 
siiv) and M. Smith (Lus Alarm n Naiimial Lib- 
oratory ) is in uliiain heat How data in llie 
‘‘cuiuliiciive I uilues" surruiiiidiiig known liv- 
d rut her mal sites. Indeed, iln-se aieas ufien 
have suflicient liiimlters ul “dry hules" In 
make them inure interesting as HDR sites 
than uscuiivciiliiin.il sites. Sleep gemliei mal 
gradients ate, nl ruuise. direct iinlicattus nf 
liigli tem|ieiuiilie.s .it a, cessible tk-pihs. but 
Blackwell indicated the need Im a imnr reli- 
able and i-.tsilv iillequeterl wav ul using heat 
lluw tt, pinjeti thermal ellects In greMi tlepth. 
Giuiindwaici am! hvdrullieimal wulei tireu- 
lati. ni add linlliei cuiiipliiaiiiuis. im hiding 
extremely high apparent surface lieut flow-. 

Inn there is a ginwiiig fouls ul experience in 
mudeliiig these siiuutiiuis. 

Further Work in Heat Flow 
Methods 

The nullities lor adequate lu-.il Hum- criteria 
in 1 1 UK expluraiiuii are given abuse. Iluwrv- 
er. the panel nme, l that these criteria oiilil 
he improved and svsteilliill/ed bv unite addi- 
tional elicits. 

1. A liiglier density ul lie, n Hint delei miiiu- 
liuns sve tit),.] lie exiteiitely nseliil; n is pain, u- 
larls iiiipnriam icexii-ml measiire-mcnix he- 
vi n id die immediate aiea ni a wet gi-mhermal 
ur HDR site in »uk-i to ted t ice .iinliigiiiiy in 
intc-rprei.itiuii nl heai lluw data and i>> tmiilel 
ciiiivcuiyc beat trunsler better. 

2. Better t-uniniiinicalinil bereveeii the .nu- 
de ink community and die gent he nun I indus- 
try wuuld be beneficial in obtaining basement 
li'iup'.-i .itiii >-s and i „i i-s h»r lUe.iMilcitlelil nl 
luM-iiK-til leiupeiaiure-. tbci m.il uniducmny, 
and beat genet a l ton. 

3. Tlic Decade uf North American Geology 
(DNAG) series nf maps could serve as I lie 
millet for lour additional maps: (I I tempera- 
ture at top nf basement. (2) basement heat 
production, (3) heat finis' .it basement surface, 
and (4) surface heat How. 


Seismic Criteria 

If one were to look only at die relatively 
small effects, due purely to temperature, on 
seismic velocities, then only subtle variations 
in seisinulogical observations would he ob- 
served. The utility of seismic methods is in 
determining crustal struct tire and ihermally 
associaied but often indirect phenomena such 
as the presence of fluids. 

Many of the seismic methods are so well es- 
tablished that they are almost taken for 
granted. W. Laughlin (Los Alamos National 
Laboratory) described reflection surveys that 
yvere used to characterize depth lo basement 
at the first HDR site aL Fenton Hill. New 
Mexico. Magma bodies are potemial HDR 
thermal sources, and S. Kaufman (Cornell 
University) showed how reflection profiles 
helped define a magma layer intruded be- 
neath die vicinity of Socorro. New Mexico. L 
Braile (Purdue University) mentioned tlic 
strong structural controls provided hy seismic 
refraction in the Yellowstone-Snake River 
Plain region: these included substantial veloc- 
ity decreases, as much as SMS, attributed to 
fluids. Although the fluids would not them- 
selves be the object or HDR exploration, they 
could contribute to heating nearby nick in 
the “conductive lialo." 

Seismic methods arc particularly well suited ; 
to locaiing disturbed zones that have been 
heated liydrothermnlly or by magma. K. Aki 
(Massachusetts Institute of Technology! not- 
ed (hat almost nil the hoi zones currently ex- 
tablisiicd as geothermal sites are character- 
ized by deep crustal tow-velocity cores. These 
comprise not only giant systems surli as Vel- , 
lowsttjme, but nlso (he Jeniez Caldera (al- 
though velocity surveys Inside and outsideUie 
caldeht did tiot play a role in originally 
choosing this HDR geQtli^nnal site). Three- : 
dimensional teleseismic F.wave dday.studies ■ 
have strikingly oudiried several low-velocity ; . 
cores that represent hot rock dial provides 
heat both io the local hydrpthemial systems 
and to theihalb.of hot but .dry rock. Seismic- . 
iiy serves; lo delineate, possible HDR reser- ' i . 
■voira in a number of ways: It ran locate pnssi- 
ble intrusions sudi as. ihe^ Socorro magma lay- 
er: bii.ilie loca! scale it cab provjde . 

Information on strtisa directions as a guide to 
drilling. Goritra^y to the case for conventional! 
^qervoirt; selsmtriLy. is a negative indicator 


fm- manmade systems bccuNtie of lire danger 
or iiidiUi-d earthquakes uml uf ivalei loss 
tin i mgli active Emils. 

Further Work in Seismic Methods 

Finnic work in si'Kiuii: IIDK i-xplnruiioii 
sliuuld lake advantage ul thusc pru|u:iliL's 
dial tt it must sensitive lu nark virin-liire uml 
[jure fluids as ways in (it- fine- die gent-rul 
form ul genii initial structures: f It tele-seismic 
S wove strut t lire io deline ihree-iliim-iisiniial 
(3-D) suite (lire as dime tor P waves. (2) dt- 
Lerniitiaiiuii nf S velut ilics. I’oisinti's rations, 
and (?” 1 in retraction surveys, (3) nnili-nlk-d 
.surface wave studies in impruve resoliiliuti nl 
I*, and Q,- ', (4t dciailed studies uf known 
cun veil tii mal hydruihernial and HDR arcus in 
gain experience in scismirally de-lining these 


Magneto tell uric Criteria 

Elec triiiuugi ret ii met In ids. iiiagiicinielliirks 
(MT) in partiridar. are extremely usciiil in 
gem her uni I ex plural ion Ijecausv ui lire sensi- 
tivity nl rock cmidiiciivity to water com cm 
and in devilled temperature*. MTe.ui targei 
MDK lesuuices in two imjir, riant ways- As a 
regiiniiil ex|ihiiatiuu met hod, MT can Ire 
used in map die crustal deep clciirieul mn- 
diiiinr. M- AihIct (I. us Al.nnus Naiimial Lub- 
(•r.itnrv) sliuwed live lung iwo-riiiueiisiimal 
iiiudelv dc-veloped Iroin uppriixiiiiiitflv 21 lit 
Ml' suimdiiigs in Ari/nna .mil New Mcxim. 
These- niudels indicate strung evidence- Im a 
inrrelaiiuii I ret went the dc-ptli in ihvp elix tri- 
ed cut it Iml nr and siirl.icc tie.il lluw as is el I :ts 
will) ic-Riunal lei (unit s. 

Out' ulT It esc- ninilt-ls, Irum Scligiiiati u> 

Viiina. Ati/.tiint, was used in a picscniutirai hy 
(1. Aiken (Utiivci.sity ul fc-xas) ami M. R. 

Hung (I'nivcrsiiy ul 'Ic-xasi in imlii.tie a mi- 

■ c-l.ilic ni between die depth in die deep c iiih- 
.][ I'uiwliicior and the depth -lo-Gnt-ic puiiil. 

M. Antler anil T. Shankland (Los Akinins Na- 
tional Lahuratoiy) slmwetl ii-siills of a cihii*- 
l.itii ni siudy of wm lihvidc MT lieltl (Lila and 
crustal lempi-raiuiT ulnaiiic-tl lium stii l.ue 
heat lluw. A pi mu mined tc-siili ol ilieu si mb 
was dun even die most resistive ttiisl.i! u- 
giutts base cniidut liviites seveial nidt-is nl 
magnitude Iretter than l.ilmi.Km v samples 
and that this is easily explained li\ the pres- 
ence t, ! volatiles, watei in p.iriiailar. Must tin- 
|Hir(aiil)v. the data could lie well i c|ih-m‘>UliI 
In a straight line lit on a log serais 17 pint 
indicating an excelleui (■iireLi(ii,ii between 
irusial ejcctrii.ul conductivity and it iislal lein- 
peiattirc. G. R. Jiincek (San Diego -State L'ni- 
veisity) .vuggested dial die deep crustal el«- 
ttica] cutiduciive litnizoii may n,, in wlieu .u, 
impel meal do, duclih- cap ll.ips pure* I Units 
lieneath- Ductile How mechanisms are ther- 
mally ,icl hated processes that itnulve i liaige 
defects, lattice dislocations, nr atomic diffu- 
sion, all ol which enhance solid state electrical 
conduct inn. If active magma iiijt-tliou de- 
stroyed die integrity of the ductile cap. 
trapped fluids wuuld escape, resulting in an 
overall decrease in conductivity. The filial 
electrical signal tire would depend nil thermal 
gradient, relative impermeability of die cap, 
extern ol die pore fluids beneath, and 
amount of magma intrusion. Because tem- 
perature would likely be tire major variable in 
a given geologic province, Jiracek also fell 
that the depth of a conductive layer, even if 
caused by a ductile layer, would provide a 
measure or the thermal gradient. Therefore, 
it is likely dial estimates of crustal tempera- 
ture and regional heal flow can be obtained 
from estimates of the depth to crustal electri- 
cal conductor. 

As a local exploration medmd, MT can be 
used to map die structure of resistivity 
changes at a potemial HDR site. This re- 
quires high quality MT dal a and n tight MT 
station spacing. For both the regional and the 
site specific exploration, problems exist in 
modeling and in interpreting the field results. 
A. Orange (Emerald Exploration. Int.), S. 

Park (MIT), and D. Chandlers ( Wood ward - 
Clyde Consultants. Inc.) discussed the nature 
of some of the pitfalls or MT interpretation 
in buth two and three dimensions. MT inter- 
pretation is a com] ilex art. even in mnny cases 
where the data appear straightforward; rec- 
ognition of this complexity is u major step to- 
ward the. realization nf die method's full ca- 
pabilities. Intense study ut a wide variety oi 
two- and three- dimensional models will pro- 
vide the interpreter with valuable, critical in- ; 
sight. MT surveys should be plppned by us- ] 
ing riils insight, . . 

Further Work in Electromagnetic 

■ Surveys 

" The electro magnetics working group liar I 
several specific recommendations far further., 
work, 

- I. In die past decade, well over 5000 MT- 
soundings have been completed in the United 
.States, These represent tin extraordinarily: . • 
valuable data base far detenniriirig Uie depth 
to die deep electrical conductor- It .syos sug- '/ 
gesied that ihese data lie compiled in d single 
data base and analyzed. An international prtj; 
ject lo do this has been endowed already, by i . 
the Natidna! Academy of Sciences. This- I 
would he of value in ru'ri he r edri fir rhi ng the; 
correlations between electriral eonduedyit y, 1 . 
'^eat fjow, pe|bih-ic>-C(i tie point, and re gi o rial . 

■ . tectonics'. , :- f -. . / • • ,J : ' ;• - -r": > l 
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2, A cumin units cx]il(>ni(ion program. us- 
ing electrical inci hulls, should be directciJ in- 
ward locating u inductivity anomalies in ilic 
United .Slates. ’I litse could lie uiilier liwlro- 
tliernial ni IIDR svslcins. The clisiribiilion ol 
lieut I1..W and cks.uk a I propciiics may well 
be useful in (lificreniialing llie iwn types of 
systems. 

3. A major u in-ci minty exists in knowing 
how to interpret enhanced electrical conduc- 
tivities in the crust. Possible 1 mechanisms are 


... . I S.IVIIIIIRI klillllllL- 

livities in the crust. Possible 1 niechanisins are 
numerous. Although we have some measure 
of imcEersia tiding of these el feci s, there is iu- 
siiflicieni iiifcirtiiaiiou to judge how these ef- 
fects persist over time. For instance, can pure 
fluids persist in enhancing conductivity aver 
geologic time .it tempo at tires of several hun- 
dred dcgices or do they form hydraled min- 
erals and hence change rock conductivity? In 
addition, lung- term measurements of electri- 
cal conductivities in nicks need to he under- 
taken at geologic icui|x.Tamres and pressures 
to understand changes with time. 


kalic intrusive bodies, which arc |wteutial ra- 
diogenic heat sou tecs. Silicic imrusives are 
commonly characterized hy gravity minima of 
i he order of a few teas of milligals and nega- 
tive magnetic anomalies. Mowevei. some pin- 
ions studied in the tiiidcoiilinem arc associat- 
ed with relatively high magnetite contents re- 
sulting in strong localized magnetic 
anomalies. The gravity signature of these 
high-magnetite pinions is absent nr slightly 
|X)siiivc, By contrast, alkaiic imrusives are 
generally marked by Ijmli intense positive 
gravity and magnetic anomalies. 

In two separate papers. I. Won (North Car- 
olina Stale University), C. Aiken, and R. 

Hung discussed the inversion of magnetic 
data to determine (lie depth to Curie point 
isotherm. Aiken and Hong described how 
depth to Curie point estimates they made 
along a prulile from Vuma to Scligman. Ari- 


o j ■■ «■■■*■ •■"III Ilium 11/ 

zona, coi related with estimates of depth to 
deep crustal electrical conductor made along 
the same profile by M. Andcr using MT data. 


Gravity and Magnetic Criteria 

1 Eieie are many ways in which gravity and 
magnetic methods can be applied to explora- 
tion lor I IDR resources. Cravity analysis is 
well suited lin mapping depth to rocks with 
low permeability . Magnetic methods arc not 
usually as well suited for this because magnet- 
ic "basement" seldom coincides with geologic 
“basement.'’ Gravity c.m be used to some mi- 
nor extent in studying ilic nature 0 r the sedi- 
mentary blanket. Until gravity and magnetic 
surveys are iiiijKiriani met hoi Is Tur delineat- 
ing both regional and hu.il slimline in the 
I'll alien mi lit and the Imi-mrut. They arc p;u- 
limliirly good for locating faults, suture 
zones, mill old ■ if i structures. Magnetic sur- 
veys may lie used to determiiie depths to the 
Curie isoihcuu. A shallowing in the depth to 
tilt* Caine isotherm may suggest a thermal 
upw tiling and ihcrefore a (xissible IIDR tar- 
gcL area. 

J. Custain. I.. Glover fViiginia Tech). D. 
Il««lge. and K. Frunim fSUNV. BufTaln) de- 
scribed the use cil gravity data in targeting 
IIDR sites iu the eastern United States, white 
W. Uitize, L Hraile. R. vim Frew (Punlue 
UiiiyeisiivbC. R. Keller. R. Roy (Ihiiveisitv 
of I ex as at 1.1 I 1 , iso), mu I I*. Morgan (I. unur 
and Planetary Institute) described gravity ap- 
plications in the mideoiiiineiii United States. 

In these studies, gravity and magnetic data 
covering lin.nd icgir.ns hare been observed, 
compiled, ami in sonic rases lilt creel to en- 
hance puilieiilar ainibiues of the juinnaly 
held. These maps are pinving useliil leoui- 
riamani e nmls in niajipiiig ict iimic/liilirrlngii 
regime!, tll.u 'el \y .is guides to Imalize more 
detailed, geophysical and geologic sLuclics. 

In particular, gravity and magnetic surveys 
have helped in investigations of silicic and al- 


Further Work on Gravity and 
Magnetic Methods 


The gravity and magnetic working group 
identified several areas for funhei woik in 
applying gravity and magnetic methods to 
HDR exploration. 

1. More case studies are needed. 

2. I'ctmpliysical studies are needed to ob- 
tain precise measurements of density and 
magnetization of rocks of interest. Siudics ad- 
dressing the magnetization of rocks as a func- 
uon or tcmiicraiui'e for extended times are 
(orisiclered especially important. 

3. (.ridded liltered data sets must he gener- 
ally available. 

■J. Although magnetic maps are widely 
available, digiial magneiic data are not. It 
would be useful to make such data available. 

5. It would be profitable to Timber smdv 
Lhc correlation between the dcpth-io-Cune 
isotherm estimates and surface heat flow and 
the depth to the deep crustal electrical con- 
ductor. 
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Geologic Methods 

1 rtXiliigKts attending dir workshop all em- 
phasized a mukidiscipliitai v approach lo 
HDR expluiuiiou. Their i ole is lo provide the 
geological framework fur geophysical dma in 
regional HDR su iveys and to characterize the 
genesis and liiermal history of heal sources 
wiiliin geothermal areas associated with ic- 
cem uikaiiMiii or older silicic pinions. The 
geologist's i ole has . lunged hide since the 
Hm Dry Rock Ke.su mre Lv.iIii.ii ion Panel 
(HfJKAP) ,jf the Energy Research and Devel- 
opment Administration defined the variety of 
geological surveys needed for HDR explora- 
tion and development. 

Within igneous systems, which make up 
most of the known geothermal resource areas 
(KC.RA’s) of the United States, the geologist’s 
role in defining the HDR resource is subsian- 
Uid To understand the extent and magnitude 
of hydrothermal and HDR components ofan 
igneous system requires detailed information 
on the structural setting, ages, distribution, 
volume, and coin position of volcanic uniis 
the hydrologic setting, and chemistry oT mck- 
irater interactions within ihe system. The rale 
of rraciure formation and fracture healing 
within these systems must be determined. All 
this resource definition requires drilling and 
careful analysis of cores, cuttings, and geo- 
physical well logs. 

Some of the most useful data sets fci the 
geologist are those from the many wells 
drilled for hydrothermal development dial 
have high temperatures but no production of 
flu ds. By keeping records of “hot but dry" 
wells within KGRA'i, the high-grade HDR re- 
source may be best evaluated. 

Examination of regional thermal anomalies 
u mostly tn the realm of geophysical surveys. 
However, die characterization oF HDR reser- 

s S« ds " po " 80otl ^ «> 

E. Padovani (National Science Foundation) 

from vn lhC ll | l " l> ’ ° r 1>Ctro,n Sy uf xenolilhs 
Troni young vulcanic rocks as a tmil for gco- 

■ hernial evaluation. 1 l is |>ossib]e to „„ 5, in . 
eralogic gcobnroni ct era and Rcnthermomeiers 
tu calculate thermal gradients: these serve 
well as supplcinenis to measured heat flow 

A major problem in HDR « csouicc evalua- 
tion is determination a [ changes in the stress 
regime and permeability with dept], in a vari- 
«^ lo P c settings. These data are necd- 
cd for identification of ruck uniis tu serve as 
HDR reservoir rocks. 

Compilation and evaluation t,r existing «eo- 
" nd Biophysical dam would be easier 
inhere were a clearinghouse tor published 
and proprietary information. Also needed 
arc ba,er curatorial facilities r ur the nrescr- 
vation or drih cures and cuttings: p er | ia p“ 
such facilities could be established thmugh a 
continental scientific drilling program. 8 
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Peter L. Bender— V or his innovative win k in 
the development mid exploitation of new ad- 
vanced systems fur grncniliun of pterisc dam 
for a variety of geophysical applications: vari- 
ations in the earth's rotational rate; lunar di- 
bit and lunar mass distributions; tectonic 
plate inoiinn; crustal inoveiiieius in seismic 
zones: global gravity field; and precise geo- 
metric positioning. 


Lynn IV. Gelhar — For his contributions & 
the m in uv of groundwater hydrology ai 
(iai tii nlaiiv lor his application of 
methods to dial field. 




G. V. Gibbs — l : cn greatly expanding «fl 
knowledge of i ryslal structures and mid 
» hemic .■! rhiii m lei i>tiis of many and d»u* 
groups ni minerals. 


Marx Brook — For extensive and original 
com ril HI lions in physics that have resulted in 
increased understanding of clear ilk at ion 
and severe sun in dynamics and tlieii cl I in in 
llie atmospheric processes. 
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Dennis fc\ Hayes— Yin miistaiidingw? 
billions in marine geophysics— exploit" 
ctnu epts, and syntheses. 


Hannon Craig— Fur sustained and diverse 

contributions of the most 

to the held of gcochcinistry. 



Herbert s. Bridge— Fur continued contribu- 
tions of the highest scientific quality to mu 
understanding of the solar wind and its inter- 
action with the planets of the solar system 



Frank M. Richter— For providing a heller 

2 Qfconveclivc p roccsscs in n* 


Andrew P. Ingersolt— For bis 
lo ilic undcrslnnding of planetary « 
pheres through the interpretation <* 

craft data. 


Z* h n e ! nen -' W - ere key fac,ors >" s<»e selec- 
uon. DeLermmauon oF lhe d egvce o| rau|li 
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reservoir rocks was not possible anti could be 
determined only by drilling. Drilling slim ex- 
ploratory holes, with numerous cores pn, 

S" ma , lly lhe answers «nd appears 1 to be 
he best local sue evaluation technkuir; it cer- 
tainly was at ,he New Mexico site. q 
Hodge and Fromm used heat flow tem 
peranire gradi ems . nmi g rav kv ,u?™ 5 

York stale li iSrt *7 

anomalies are related tn h , i '!i° ^ l,iem,al 
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J? " diimn viescnucri the 

piiKcu nr,clecLliig the grk hoi dn 1 rbek geo- ' ;.-y- 

thermal site In the Jemcz Mountains' u m (- ■ ' ■’ Heat rjqw measureincnts Knun™ u ■ 

M«lco. .Ofpri^ l^rta^o & -ani 
•i^.^ ihepubtished data available oh die-. ‘ ! ^ ’ 


of deep aquifers from die Dcn'^^J . 
basin. High heat flow within 
Nebraska is more difficult to eipW"' 
be related to water flow along ”* 0 ..., 
the Dakota group or to buri« l . 
tons. More drilling into Prccaniww 
meut rocks is needed to evalkatf 
geothermal resource of Nebraska, 
temial seems high. . • ' j, 

Geothermal explorplidn stI f lt ^7Aj 
the Rhine Graben by the Europ«_' , 
niries were presented by c \ 

mos Nminnal iJiboratory and * y 


nios National I Jiboratory and Ge 

Walter). These include fl) W0™_ 
gneisses and schists of Hercyptai T 


Call previously published In EOS, 

May ,17: *. . v 


ites of Carboniferous ape. and 
inentary rpcks; (2) bottom-hole »e.y 
and heat flow measurements; If) 
gravity anomalies; >iid H) tec l^ njj 
Diapiric;rise of niaiitle under t ', 
ben and higher tomperattiro^y^i 
identified through the uai of. 

.1 nhnve. ren*^ 


identified through me use f 
.those su iveys described above.,'R < 
reflection seismic profiles. ^ 1 - ^ 

•magnetic surveys, and elect riep.. . 


^ Vj : - % •• 


. This M lietHy report.^ 
Hdfcen. M.'E, Aniler. 

■Los. Alamos Motional. Laboratory ' . 

81545..';. ■' 
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Hugh H. Kiejfer — For his conlribrnions io 
ihe invesiigalion of planets through infrared 
techniques. 


Jacob Rubin — For his outstanding career in 
science during which lie lias made significant 
rnnlribuiinns in soil science and ill ilic theory 
of solute iranspim by groundwater. 
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Applications Im memliersTii|i have been ie- 
ccivcd from the fnlluwing iiulividiiaK The 
Icuer after the name denotes the |iroposcrl 
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notes the Atmospheric .Sciences seciiuii. 
wliicli was formerly the Meteorology sciiiun. 
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Student Member 

Ruben A. Apaiiriu f(». Clay Kogiisky (O). 
Carolyn Brown . Stoat c Davis (S), Sleveu 
Flevldcr ((•). Mark |. Crcsku (S), 7aki V. liar 
»ri(T). Daniel Hillman tT), Masahiro Hn- 
sliimi (SM), Kc-imelli W. Iliulmii (V). Nikit- 
lans K. Klever . Robert J. lamgridgc (V), Wit 
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L. I.iindlierg (A), Nan M.rc( iregm -Strut (S>. 
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Nominations for 1984 AGU Fellows 

Nominations for Fallowship in the Union are being sought by the Fellows Committee 
and the Section Selection Committees. Nominees for Fellowship should be scientists 
who have attained acknowledged eminence In a branch ol geophysics. The total number 
ol Fellows elected each year cannot exceed 0.1 °a of the total membership. 

To be considered by the Committee, nominations for Fellowship in AGU must bemads 
on the form below. If more space is needed, attach a separate sheol. 

AMERICAN GEOPHYSICAL UNION 
Nomination For Fellowship 


Name ol Nominee 


Name of Sponsor 


Michael IV. AicElhinny — For out standing 
ioiilribuljoii5 in paleumagneLism iirirl plate 

leclonics. 


Edu/ard C. Stone — her die continued excel- 
lence of his rescind! in insunc rav [ divvies 
and for his cxti ;i< in linars cifiiils on liehali of 
iiis lellciw scicn lists as \'oy;igL , i I’mject Scien- 



Personal Data on Nominee 

Business Address (Including Position held) 


Date and Place ol Birth 


Education (degrees, institutions, major field) . 


Professional Record (including special honors) 


JchnG. Ramsay— Fm revitalizing structural 
geology bv careful quaulit ativc studies nf Janies R. Wallis — For research and Icadci 

Ktmmgly minor fenuires, showing how tiiiich ship in the application of statistics and sio- 
Q" be read from them. drastic processes in hydrology. 


Chapman Conference 
on Collisionless Shock Waves 
in the Heliosphere 

February 20—24, 1984 
Silverado Country Club and Resort 
Napa Valley, California 

Convenor: R. G. Stone 

Abstract Deadline: 
November 1, 1983 


Membership in other SdenlificOrgamzatlons 

Attach a list ol most significant publications (not abstracts, book reviews or papers 
which have not yat been accepted for publication). 

Sponsors Evaluation of Nominee 

Attach a supporting statement which must Include: (1) An Indicalion of the iBnglh and 
nature of your acquaintance with Ihe nominee; (2) the Nominee’s contributions to the 
Held to date; (3) your evaluation of the nominee's scientific ability; (4) a one-line citation 
"P 0r ”, summarizing why the nominee should be sleeted a fellow. 


Sponsor's Title and Affiliation . 


For a list of current Fellows, call or write AGU. 

Ssnd nominations for forwarding to the appropriate Section Selection Committee to: 

I AGU Member Programs 

2000 Florida Avenue, N.W. 

Washington, D.C. 20009 
Telephone toll free 800/424-2488 
or 462-8903 In the Washington area 

. Deadline: September 19, 1083 


2S* r f, vlews and contributed papers In the following general areas: Overview 
1 Zl Confess shock, macroscopic aspects of shocks, microscop ^ aspects of 
n °cks and particle acceleration. Typical subjects to be covered Include: 

‘ JJJhy aj, d where 8hockg fofm |n . Subcritical, supermHc^, quari- 

• Shrvl IOSphere? parallel, and quasi-perpendicular 

• Sh^ dynamics and evolution; shocks. . . 

JV<*ks associated with solar • Dissipation mechanisms. . 

**«ivity, planetary bow shocks The foreshock. i. 

X 11 ? 011 ^ and shock-' . • Particle acceleration mechanisms. 

°ck interactions. " 

Co ««t: AGU Meetings, 2000 Florida Avenue/N. W„ vyashington, DC 20009 
toll free: (800) 424-2488 D.G. area 462-6903 ' ; J 

Call for papers published in BOS, May 31, 1983'. 
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. _ • ' , I 

Advertise In EOS, the weekly newspaper of 
geophysics, and have your message delivered to 
over 15,000 geophysicists worldwide. 

One satisfied advertiser said, “EOS showed 
_ belter respionse rate than placing the same ad 
In Sclent* magazine. For 3 IB the cost, EOS 
published the ad faster than Science. 

V lEOS is the convenient, economical way for 
' < * ,r0Ct con,mun,cati . on with the geophysicist 

For low advertising rates and easy-fo-meet 
> -T"T ' . copy deadlines, direct Inquiries to: 

Back cover advertising space available. ' Robin E, Little : 800424-2488: 
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Separates 


To Order: The order nmnliui c;iii Ije 
found at the end of t'iidi ahtiraci; use nil 
dijfiif* when i uric ring. Onlv papers with 
order numbers are available from A(!U. 
Coif: 33.30 fur ihe first article anti 31.00 
for each atldititmal article in lEic same or- 
der. Payment must accompany order. De- 
posit accounts available. 


■It iking: dtp ratal af 90 degree! ira aehiavad and [Da 
model ahaai a alight overhang or aalt. These raiulta 
• bow thara la nothing in prlnclpla tn prevent invars I on 
at itaeply dipping atructurai from iurf ic-rxcordid 
■ atlBle darn. Including auch aatreaa cam at 
nvarhanging aalt dsona. 

CI0PHY9ICS, VOL. SI, HO. B 


Send yum order lo: 

American Geophysical Union 
200(1 Florida Avenue. N.IV. 
Washington. D.C. 2UU0U 


Electromagnetics 


0701 Antanxua tPolin MiianunEs In pUbbbi) 

QUASI -THERMAL SOUK COUBCTIOHS Mil 10 PARTICLE 1HPACTS 
OE EMISSION 

S. HZ IER- VKRNET (CB13 LA 2M, DapartaBint Rachaiahta 
Spitialna, abssrviulro da Parli-Maudon 192193 (teuton 
Principal Oden} 

Raeani MliurxnifU! of tha '^aal-ttniul' nntat In a 
■ llblB plaaaa hava inhibited an addUlonnal local and 
diffuis nolna hi lav tha a lie (ran plains frfqusncy I thii 
hai ba«n auggaatod to ha due to laptct, nr aalulon of 
charged particle! an tha ant anna aurfica. To Iniaitlgate 
thla problem biped tha prnrloua atal-hiurLitlc 
, ••tuitions, wo ixlxnd tha quial-thirail nolla 
ca leu la 1 1 an a, la anurmaa which ata net tranaparant to 
pirtlolia. Ua apply thn raiulta far mil radiua 
•pbsrlcil and cylindrical aataoaaa in an laotrople 
aqulllhrluB plana, at (raquanctaa of tha ordar af 
vagoltada of cha platan frequency. Ear antannaa naar tha 
plaiaa d.c-poenni lit, tha chaorallcil nolia enaalata of 
tha uaual tharul nalla plua a coapount which hat tha 
foltovlog propart taa I I) foe nail doubla-apharaa 
antannaa. It haa an i‘» ipoctroa around lha pLaioa 
frequency | JuaL balm, It la of tha aaaa order ol 
oagnltude of lha tharwl nolia II tha antanna langth la 
largar than thi plana Dahya length i othemlan it la 


larger. HI (or f Ina cylindrical antannaa. It la only 
broadly f-1 balow tha pliant (raqaaacy | juat lain, | E 


la genatal Ly web aaallar than th» qusil-tharmil an la a. 
Practical conaeqiHDcaa aro glvan for racant ■aporlaanti 
In tha aelar wind and larraaulal nignitoiphira 
C antannaa, theraal-aolia, plaanaa). 

J. Cauphya. Baa. , Blue, paper 3S101J 


Exploration Geophysics 


0 910 Computer appl Hit Iona 
BomRuoETE dip runu 
See 09M Satanic nathada 

Dava Ha la t Dmpartsamt of danphyalea, Sean lord 
Oniwaralty, Stanford, « 94303 1 Jon P. Cliarbout 
Dip filter! anabla a gaophyaiclat re dlacrlninaea 
heewaan varioua laiaalc avant! on tha baaia at apparaat 
dip. The f raq uaacy-uivanumba r m.feb dnaaln a atm an 
at r race lie domain to parCorn dip fLIlarlng hacanaa Ir 
parole ■ the application of an arbitrary rranifar 
rune dan of dip. Salialc appllcntloni of dip III raring, 
■■*<»«■ raqialr* tha flaaibillt. of far ad hy cha 
u "“ ■•» ■**•" be will lag to lacrillca 
fo l i| ,1 a“ lb J ,ll V'«. t ° ° b,,ln "«* poaalbka with 

III, hi domain filter!, bat raadlly available with 
tlaa-apace te,*l derail. filter!. Ernplaa are II) rina 
and apace variability, (Zl (la.lbla treatment or 
computational grid houadariaa, and II) an afflclint, 
racuraluo Inplsmaatittoa. V* daacriba a tt.xi d«aaia 
dtp filiarlng method with thaaa Natural. 

la the darlvaefcn of a !«,*) domain Miter, wo fine 
dlacuaa I*,*) nod Ct5,zl daaatn dip iiltara. Ifhll. oat 
f lhaa th * «<»■«**** a» . (r.s) do-ain 

! • !■!? “ l “" Ma «»«eUta co nb inn Ion S f 

7.7 ?f ,lel ? n * " d caBBonlp available pracaaaai: 
S1J one -di Baaa I one 1 luitaruorth filming and (11 

52Vf a" ,,, ! la "“ 1 , ” Tl,f «T«a»furn». va than darlva 
St.*) domain appraaiaatlima ro than filtan which ba*a 
cha feat urea noted abava. 

GEOPHYSICS , VOL. 49, no, g 


0990 Inatriwanea 

^™ b "ic“e C pdl “ r “ a «”IH0O0a-rSEQDE H CV 

Stoi.KsKb^ 

A Birina taiimlc aaurca la described which produeaa a 
coot I bimui lou-fr*qu*nr» (10-100 Hi) harmonic aignal. 
High icau.cic paver lari la MOW) ara raaebad by ualnR 
Tb« lata.lc aourca ha. ba.n 
auceaaaful ly taatad In lake and or, an anwlronaanta. 
° VtM y, . i | e “ 1 •PH 1 ‘ ccclowa ara diacuaiad and 
modi (icae Iona ara daacrlbad which would a.'ow tha 
asurca to la oparatid in a awapt-Iraqoua* modi. 
GE07HT8ICS, VOL. 48, K0. B 


D91D Salamlc machada 

COMMENT HOSE IK HAIlNg SEISMIC DATA 

K«n Lamar I Vail am Cenphyalcal Cocpany, p.o. Boa 2449 

“»[,”«! 800 Ch " h "*‘ "■« «.lt Lynn! 

“ dw -“ e ” “ “ ,rln * 

Ml.! 1 •'*, "• " , *« n PU|u.d by eoh.r.ne 

a . 4 "PProilMiBly llna.r Boraout acroa. 
V* J*/ •aeilona. Kith an undaratand i ng or lDi 
.^.. a'l .wch noli a (r ll 

tX!!’.. C " n vt>Ul ‘ na * uppreii I ob 

Eachnlquei to uaa and at whac at agaa to apply chan in 
Acquisition ind p»caioKq|. 

g "' r * 1 weta *l«» *bat eight produce auch 
“«»*'• aaetlon. are a tea load i direct 
“J *""" 1 PwopNSata an (ward fro. eh. 

Zcct™ 1 ““***" motion named by tha rugging 

IrmmZZ-H?! 'V' *"“>’• ««*«wd A.rgJ 

D!mndI!! Wl *“ nt " “<• ■ub-hottOB. 

pltt.n. T* ‘ b ! «°“**»sr Sir far. nt cola. 

pacKorna can ba obstrred on «bo( brofilaa • ml 

SS^p'aV?'! , " h " r,i th,, ‘ P“*”"* «■ £ 

d«r^ruta Z JhB domlnuu aachanlaa In a glvan .at 0 r 
th! l \ am , CM * m * nd *»«ka auggaat that 

LhluZl! Z h I U ,r3 “ »•*•» neat eared within tha 

ZbvVI? ,ht, E ”' •* -hit- »o? 

GW w b " ,aeorJ "- *• *«wn"y awhanaai h , 

™ m! w i ? b ! " •* *o» r*ca wave note. 

“ ,rted ■*"( aelaolc data u vail. 

y IHarlna'lm^haZZ* r*** 11 * 1 oo1 * •''■liable . movaout 
i nearing fi beat for auppraaalna Lha paiaa wh Ua 

'waant pit cam on CHP-.oraad gathtri, 

ZtiM, .hit ' 7 Had alth.r ta trac.a 

Ttackao 7. «4 coumon-reerivar g. thara or to 

alth^ji ll’f 0 *' i,t * “"•■P 1 " d w«®n*tr«*aa that 
JaZtZSl. 11 l ! ■?** '"“p. movaout filtering or the 
i* PMtlculorly affect tve became It 
,0r *•*■ e* Ulcwl d.ta-d.p.nd.nt 

GEOIBTHICB, VDL. 48, HO. 1 


0999 Gaaaral or mlicallanenua 

APgia* 7 * 0 ,DUCU ' B “"“W ***P OP BOOTB-CEBTIAL VEST 

David 4. Heating# (loahnlcotor Oovarnmant Bervlcaa, 
*ne., MBS Data Crntar, Si our Pal la, SD 57198} 

A nav louguar gravity anomaly aap eompllad for 
vaatarii iff Lea adds data lor Ghana. Cuftnaa. and 
LUarii* v 

■“ *“*> *° ■ *«7 Htt of tha Eburnain 
ahlald and aailae la the davnlopaane of a model or 
iii« * 111 th " t M °* ttl * Eburneen orogeny, ZD00 
million yaero ego. Thla mndal faclndai a rram.work for 
the dapoileion of lha raglon'a minacal dapolita. The 
modal and aalatiug field data can ha uaad to gutda 
future aiaarala or plant Ion In the region, 

GEQKY8ICS, VOL. 46, KQ, 8 


OHIO talialc machada 

BTUKZURM, IHVUS1M OP SALT DOH PUKU 

TfX ,Be -> l6s * Coia iwd.. 

■to. HQ, Golden. CO IHOi) J.D. Cory ' 

on* of ib. flr.t problem, to bo aolwad dur|» 
.aplor.tlan .rMod a.U domoa. Ita-aw, dotarmlaatlo! 
V. 1 fr«a laiiale da(4 haa baan 

aLitlo! m 0 ihAugh f« rirird fladtliDt b.. 

Zuw iLinJZ 11 ,,,rk «- ■- nna of 

Da * *.I*bIc record. Tha aourcn of 
dlffitijty era that CBOvaaLlOonl data anquUltloa and 
prwoaaU. ara uw.tl, dalignad to ' 

1 .n ■!_■*, h *? h (ho 1 don*, aogu." UeUdTZi 

:"«Ht:: l ir"s«-dLn.;"“r p o t v.!L 


0999 Oanaral nr mliccllinaoaa 

HWBLOPIOHT8 IB THE 08E DP SOB PACE ELECTRICAL 
METH0OI TOE OIL AMD 0AB KEPL0RATI0H IN THE SOVIET UWI08 

SIT.. 1 ; ! pl “ ttaMWlf ■KOI, of 

Hloarat Baaaurcaa, Canberra, Auatrallaj praaanelr 
■Uetroa.gn.t ic Burvaya, Inc . , 2161 Sh.teuch Av.nuo, 
Bta. »], larWalay, CA 94704) 1 

A great deal of Intaraaf baa raaaad In 

Maitaro counrriaa durlag racaat yaan on pn.albla 
application, of aurfaca olactrical aatboda la oil and 
gaa atplnratlon. It ha. bean reported that that* 
met hade Ira widely uitd In the Bavl.c Onion, but to 
ffis *«baleal dat.ll. hava haan avallahla. In lata 
1979, the author alaitad cha luvlat Union under tha 

.tX 1 ?* 1 **"* "" 

cooparatloo, with tha purpoaa or •cudyteg recant 
l " *nd elect romagnat (c I EH) 

aetkoda. Ihla paper praaanta a luaaary ol tha u,, .„d 
application, af th hod. i n o ri.Zd ... 

“*ThZ r ™t‘hnd" d * nu-,,r v* hlatori.,. 

CKftEK'ar aS'STpSgSt: 

g^M=:S£= 

“7 ,n -tf « * 'JS^lCSiTr «'3£ftaJl!*LJ , *S2"rSS.*nj 

SF? 


Geochemistry 


04)0 Saiaaic maebod. 

CONVERSATION OF HAH IUE SEI3HIC DATA FOR THE SFFECT3 OP 
HICNLY VARIABLE IIAni DEPTH u SIK RAY-TRACE NOBEL INC — A 
CASS HISTORY 

Brian Danr (Cicial Service Company, Energy Baaaurcaa 
Group, Tech, Cantar Room 91 79, |,i 340S, Tulaa, OK 
741021 

Variable water depth can cauae i.vara degradation of 
narlna aalamlc data. Thla paper preeente a technique 
far correcting (he el facte af water depth variation end 
ie a cue hlatnry of applying the technique ro a line 
of data [rna cha Philippine, offalora. The llna Croatia 
a deep aubaarlue valley. It will ba ahoun chat whan tha 
uacar depth change! rapidly ralatlva to tha cable 
length, che tinlng wirlaeloaa introduced will not be 
acitln. They ere dynamic, not italic, hacauaa they 
differ lor different avant tinea of a a Ingle trace. To 
cowpanaate for rheia dynamic timing varlatlona, a 
two-eeege technique waa uaad, A ray-trace modeling 
program calculated rha traveltlaaa to aevaral daptha, 
both (or where cha valley la praaant and where It la 
abiant. A aacond prograa uaad the modal raiulta to 
•hi ft tha aamplaa on all aellalc trace to the time 
they would have If the valley were not praaant, 

The aoat difficult part of thla project wee finding e 
good model. The modal la cnmpoaad of two part,: the 
depth of che eea floor end the velocity-depth 
reletlonahlpe below the aaa floor. The depth at the aee 
floor wee eaeiaited from the flret arrival ■ on the 
nuar-flffaet trace! of the taitmlc date. Th I B wee 
difficult hacauaa of tha ahellownaie of the normal ua 
floor (about 80 a) and (he large oflaet hatuaan cha 
•hot and tha flrat group <J5J ml. The flret errlvala 
ware head vivas, net raflaccloni. off the ■» floor. 
The ref leer Iona frntbt valley had co be migrated to 
obtain accurate depths. Tha aubaaa velocity-depth 
relatione akin had to ba eaiimaiad from the aalamlc 
data. Howaver, the raiulta of applying the correction, 
calculated from thii modal to the data ahow a definite 
■ihancaoent of raf lector conrlnultyi velocity aeih lance 
contour pl.ica ahow tha aoma onhancamant . Thaaa raeuLra 
ere eontraated with the reanlca of applying purely 
Itatlc correction. The etaclc correct Iona elao Improve 
reflector continuity, hue ehu dynanic correction! do a 
batter job or it. 

Although tha dynamic correct Iona improve a brut. 

■ tick ol the data, more Importantly they allow 
additional proeaaalng to produce a much better Heel 
■tech. Thue, the data were further proceeded to produce 
•n optlnal final alack. Tha dynamic correction. In 
particular allowed a much bettar choice of normal 
movrour IKWkl velocities near tha velley. Alio, . .one 
o[ naar-.uri.ee, hinh-veloc ity material near the valley 
w„ detected by diirortion of reiJoctione an 100 
percent .hat reeorda. Coapanaetion for cha cone waa 
affected with . .,r of loeell.ad, .tail, correction.. 
The data wora al.omutad, band-p... filtered, and dip 

t'hnZ'u' ,inaI ,Utk ,a **»■*>» improved, 
there la at 1 1 1 a larioua degradation of the data under 
the vellev. Thla n became tha valley not only 
introduce, timing error., hut it alia rejuc,, the 
amplitude °r the raflactfonw ratornad from below it. 
The valley elao Ini reduce a cohar.nl noli* in tha fare 
it leaner lag oil It* (idee and enhanced multiple.. 

problem, not only eff.ct the frn.l 
alert, hut Man th. accuracy with which th. E ,del can 
be bull! to correct (he timing error,. 

Thu., correction, rot th. effect, of highly variable 

r 1 ” ft 1 ?: pr ' f y*7 -p"-**. «. r.,ufrad y in 

to obtain tha cp'laal ateck or laiaalc data recorded 
over luch e lea betrom. The difficulty in obtalnloa the 
eorrec lion, would b. greatly re do cad if accurate! 
cloeely apered, fathontar aeaaDreeenta or water dapth 

Mcord"i! " ln ‘* ,r " Mr ‘ - -• 

CE0PEY91C3, VOL. Ag, W). J 


1410 Chefllstry of tha at<nospher« 

VAPOR PHASE AND PARTICULATE SELENIUM IN THE WHINE 
ATWSPhERE 

Byard U. Hoshflr (Center for Atnojpheric Chemistry 
Studies, Grjduate School of OeBanngraphy, University of 
Rhode Island, 02881), Robert A. Dues 

Particulate and vapor phase swling has been 
conducted at six locations ranging from a New England 
urban location to northern and southern hemisphere 


remote Island sites. Particulate selenium 
concentrations range from 0. 3-3 ng/m’ In urban 
locations to 0.06 ng/m' In remote southern hemisphere 
areas. At many diverse locations such as Spitsbergen, 
Bemuds, and Hawaii, particulate Sa concentrations of 
0.1 to 0.3 ng/mJ are typical. Ihls may reprosent a 
northern hemisphere marine background level but more 
extensive southern hemisphere sampling Is necessary In 
ordar to document any Interheml spheric differences that 
may exist. Vapor phase selenium typically constitutes 
roughly 20 percent of the total (range 15-36 percent) at 
most locations except the Peru coastal region where 
copper smelter particulates influenced the 
particle/ vapor partitioning and above the marine 
boundary layer In Hawaii where roughly 4S percent of the 
selenium Is vapor phase. Vapor concentrations range 
fron 0,6 ng/nH In urban areas to 0.02 ng/mJ at the 
sou thorn hemisphere Island of Samoa. Particulate and 
vapor phase zeleniin appear to be produced both 
anthropogenlcal ly and naturally and tha ocean appears to 
be an Inportant source fir vapor phase selenium. This 
oceanic vapor phase may be an Inportant faetnr In 
maintaining the anomalous anrlchsent of particulate 
selenium In remote regions, {selenium, vapor phase) 

J. Geopliya . Bee., Green, Payer 3C08&A 


Geodesy and Gravity 


I9S0 no let Iona of gravity obaervationa to taotonlea 
and laoataay 

THRB-D1MENSIONAL GEOMETRY OP THI WHOA PLAT* BENEATH 

HCPnznt CALlitlMIA 

H. C. Jachena (U.8. Geological Survey, Hanlo Perk, 

Cell Horn I a HD2S) and A. Orlacai 
Th* laoetatlc realduel gravity fleLd over northern 
California dlaplaya a gravity gradient Intarsrated to 
rnfleot tin eooth edqe or the ter da plain whera It ie 
aubducted eaetward beneath the north Ann lean place. 
Th, locue of point, of anxla<in a I op, lafln.a a llna 
trending B.OD* E. rrca a noaatal point op |wr. x lately 
20 kn aouth or Capa Mendocino, a p»nt idler, the 
burled plate boundary ie Inferred Iro, noetic and 
eelBBiciry date. Smtliaiat Ira the aoaet ror a 
diatanoe of 120 kn the gravity anmaly parallel, the 
Btrlle of tha Blanco fraoture rone and tha prooant 
direction of raletlve Potion benwen tha Pectric end 
northern Oorda plate,. Calculation, freer the form or 
tha anomaly yield depth oat i natal that fit an eiat- 
aoutboaat plunge of appcoxlaately 9 " for the top of 
the ft.rda eouch edge. The eenae of the anwely 
(hlgber gravity to ehn'eouehl eupporta the hypathnele 
that a window developed in the aubduotod elab eaet of 
the Ban Andreaa fault and Borith af the Cerda plate. 
South or tha Oorda boundary the bate of the North 
American plate thua in contact with hot aatorlal 
frmi the aethanoaphar, that Invaded tha Wlraiov. 

Becauea tha overlying North Am, r loan plate haa baan 
wving relatively aouth aoroaa tha tor da boundary, the 
North American plate beneath the Coast Pangea eaet of 
tho San Andreaa fault in canlral California nay ba 
decoupled from th* underlying materiel at a depth 
Hightly dearer than tho dapth to the top or the 
houndary at the time tha North American plate paaaed 
over it. 1 tor da plate, gravity, mubduotlon) . 

J. Coophya. Rea., Bad, Papar 710910 


■970 SLandarde and AbaoluLn Meaanramanta 

RESULTS fRO| AN ABSOLUTE GRAVITY SURVEY IN THE UNITED 

STATES 

H. A. Zumberge. J. E. Filler (Joint Inaeltuta for 
Laboratory Aittnphyalea, Unlveraltv or Colorado and 
■uTeau of Standard!. Boulder. Colorado. 
80309) end J. Cechvlnd 

Uatng the recently coapleted JILA nbfaJute pravILv 
seter, we Bade an abaoluta gravity aurvay which 
covarad twelva ettae In thn On Usd Slatea. Over 

■ period or eight waaka. tha Inatrumant waa driven 

■ cole I distance or nearly 20,000 km to al toe In 

Celirornia Hew Mexico, Colorado. Wyoming. H.rylond 
and Haiaacbuaatte. Tin, Clma Spam | D carrying out a 
BoainriBont at a single lacaltnm waa typically nna 
mo’ « cu ™« »f around 1 > 10' 7 b/i 7 

110 pgnl) la bellavad to hava baan obtained al each 
of th. altaa. {Abaoluta gravity, accaloratian of 
gravity, gravity, aravlty aurvov). 

J. Gacphya, Ro*., Red, Paper 3609)6 


1970 Standard, and Abaolulo Haaaurawanti 

RESULTS not AH ABSOLUTE GRAVITY SURVEY TH T1IR UNITED 

ifihZ' J : El Fh1 lHr fJolwl Inal | tu ta Tor 

tatrophyaina, Uniwar.lly of Colorado and 



Ualng the racaaLly coaplatad JILA abaoluta gravity 
Batar.ua Bade an abaoluta gravity aurvay which 

^ +*** **«••■ °r»r 

‘ P"*? d J f r • 1 " ta WBaka. the Inatrunant waa driven 
diatanen of naarly 2P.OOO k. to alto, in 
md^ZIZiZh Na “ lta * le “- Colorado, Wyoulng, Maryland 
aed Haaaachuaatta. The clma agent In carrying out a 
MaautiBent at a alngle location waa typically on. 

,‘ 7 ‘ * “■■uraB.m accuracy oT around 1 a 10 -7 a/a 7 
110 Pffl) la bellavad to have baan obtained at each 
of tho altaa. (Abaoluta gravity, acceleration or 
gravity, gravity, gravity aurvey). 

J. Gaophpa . Ran., Hod, Papar 3B09J6 


Hydrology 


3130 Groundwater 

l ;*Hf L ^ IVE Usc Cir 5Ra * l) HATiS AND SURFACE HATiR TOR 
ZRRI'*AT£b A'iRICULTIIRE: RISK AVEPSICH 

N?^l. D ;. 6 !! d S ha ! ft lU - S - Survey, 3U5 

Klddlafleid Road Honlo Park, Callfapnia/shOJM and 
!r ! r.*l Ysu ?* (Uaiortmant of Coonoatca. Colorado 
orate Ufi Ivor ally, r-yn Ciillnn, tolorado, 805231 

whl«*! a !! nln * rh * 3:Ulh Platt * * 7Bt “ ln Colorado 
r (v”y Jo! iZ r ?!I!L" !l ^ Watar ,re ua9d 
wol! -aoZrlr ^ ’ 7* fIn ' 3 ,hB KTUal 

y 1 »H«*iMtBly amfflcienr to lirlgare 
rhe astir. ar«. Thi. would app,„ „ be an over 
lnv„t» nt in wall capacity. In this papar wo examine 
m wha t axtenr ground water le being developed ag 
inAui4i,Cc against periods of low atreaaflow. 


. y . ■ ■ — 4 BirwBnc-K. 

Ualng a aiaulatlon model which oouplaa the hydrology 

SaLEtei'iJ.Tr a< ‘ UlfeI ’ Ptat- to a behavior al- 


.ccncel.: model which Ino^por.tes lu 

UM “? hav * lnv «»*»Bwtad tha aconoaloa of an 

•raa patteinod aftor a reach of the South Platte Valiev 

In Comrade The ra.ultn e ugg . st rhal ucd.r cum^ ^ 
! 3p "” ,e ' JB, l{*l<ina the moar reasonable ground-wa ter 
['jnpiog capacity ia a total capacity enable af 

»«u» -iib w«.r. 

Installing auffialant wall oapaclcy to Irrigate all ' 

two Un!flt-Mi|-3C «Sct«y 

Ruxlmlxas tha expect sd n «t benaflcai and (2) thla 

iha *«i«tai lo*,,) 

It redds aa tha variance to eaaantially lira 

In • aonjuwtiv. uaa 
,h “ oluB of flow forge eats la dialnlahad, poc, r 
f«. t y piping . 

Hater Raioar, Rpg., P a pa r 3V065I .. 
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3U0 Omindwutar 

- TRAK3P0B T OP RSACT1R1 aOURSg IN POeoca MEDIA , MLATlOH 




at: 

tbe^J^tT 1 ! S ? r,d ° T,r **'• l0 P of the dapp.lt, or 

!! !^ !* A *-7 la «: "wtaitM «6 b (.pom, t 

elaae If 

«0Rtd A: i a g 


snLT.? Wi 0 * llo,lc,,l ***;;*•* 

taNpla- involving ,1, b'ro*d rkactldg 
■Iw* the nature nr ttaneport-effacUng ohamlitiy may 
have a profound affect on the math^atloaloh.racear 

O^theaatlcal dlvarally arong ouch foqail4«uaa' ia‘ 


-l wh. rh.-i It n „u t li- v.|,nicr„d „ u . 

, 11-vli. n, , 21 lftu „, lClKn , B 
hetvl.-irneewni 111 the ,<uutlon la r»nrf 
ivi- tUn I hhwipticn. i<m or „ 

Iv.rcll. "8 ..r cliinlc.ll Cl.onI ilry . J"* 

.lu WL-ll ]B thr r-h lco or the veun. to daKrltTI^ 
etliuldM, f..r Uetanco. ( 1 ) tho t W 4 a , 
emit tow f.-r which a Foroul.it Ion 'a baaio tJ! 1 
f ll.ince O-IUAI l-rn nl.r.,,1,1 to wrlttam fl 
. f rvirl.cm.xi 1 « l tr.uififi-.mxt Iona nardod ui ctsnniw 
p..).u™-n Male C4w .ll.-n, rqeratlcn!) “* 


Th-nu .ml otbur tnfluencoa doten-lne .uth UUn(11| , 
fexr u,..„ .if (T.-Mrm-f. .,cul.,t tc-nn, ag th. 

x|.nr.xiun.r! ir.«,n|-..rl-a-i -.Ulrn i ¥ atn, J,*” 1 
lr Iw.'-lVito dlgHl-iaic, | ortlal-dlffertntiai n 
|'.iri i.O-lirrcrn,t lal, nlm-ilidncnua equatlwii ik^' 
tyi.i rt"i.- linear I tinn r.f ouch a ayewa, 

.-h ir.lL.-lut ..f Uhi K-.in.lar I us [o.g. whothir th» 

hi OuVliril . EytoatlM of ib,7««." 

f.-r the .loi-i-rslnn-ru .-f lron» f ort iLUhomiin „ nu . 
I“* ‘ cnumlairy auq-iowta that nony roaulu of W, 

-Isi t-n linr, ntvm Tun tho t-Xalc rrcportlag of D, 
(Mvtliaw' -.-Wmlr.il -ro lot ion ll. e . a-pii lltrl«« 
o-iuatl'iin. (Solute tr.ir, r ort. chamU.l raaitimu 
I or.kiin ■Vhll.'i, iMthom.it icn I so-lolai. 

Uxtar Ruaour. Roa., Paper 3UG962 



•d^oh daketajlne whqtbon U) tha 
»*«a*^a4 aa ' controlled fay ' ^oa) 


3160 Hun..rr and Stra.imflo 
CCO^KEYAUUIT'O,, OF HATER HARVESTING IN RICB- 

G. Or 0 n (Bon-Gurlon Universliy of tha Keqiy, Jim 
61 bui Coin Inst I Luts for Baser! Rfiiearch, Cirrit Xt- 
Dokcr 04990, Israel). J. Bon-Asher, A. hur ind 
Th.M. Doors 

A cost-befisfll analysis of the mlcro-eatclnrt- 
wier- harvesting ( HCWH ) technique has shown that li 
highly dry ion* (i.o. annual precipitation of iui 
than 150 mn) the predlclad intone Is negative. Th; 
introduction of modified technology Improved utcr 


harvesting and thus Increased the predictad net hm 
These modifications are assoc latad with additional 
expenses leaving tha additional benefit quHliomilt. 
A cost-benefit analysis of HCHH with Inserts 
(perforated vertical drainage pipes) to Inproro mIp 
use efficiency has led to a conclusion that ml lm 
Is higher than that of HCHH without Inserts. Ifetitr, 
in a highly dry tone the net lucerne is still noutht 
(although only slightly) while in dry lone (l.e. 
annual precipitation of 250 urn) It becomes pnltlit. 
(Cost-benerit, nlcro-catchment, inserts, ninoff 
efficiency). 

Watar Raa-ur. R*a., Papar 3V0972 


3160 Runoff and streamriow 

5 TOC HAS TIC STREAHFLOW MODELS FOR HTDROEUIKI 

SYSTEMS 

H.Y.F. Peraira, O.C. Oll.elra, C.C.6. CaiU id 
J. Kelman (Systems Department, CEPEL • Cmlu 
Pesquisas de Energla Eletrlea, P.O. lai J«i. 
*0001 - Rio de Janeiro, Brazil 
This paper describes the development al i 
monthly stream flow model for tha Irijlllu 
hydroelectric system. The model Is based on t'l 
disaggregation of lag -1 autoregriislvf i»J 
flows Into monthly values. Model flitirii 
include add HI on of new si tea, non-panotln: 
generation of monthly flows and correction d 


negative values. A mathodology for aiieni'i 
model adequacy Is described and appllad l» i 


case study comparing the proposed model ari i 
multivariate monthly autoregressive nodal. ,f < 
economic effect of model selection is iHoiiniH 


In a realistic generation planning cast Huh' 
Ills shown that Investment difference! reiulH'l 
from tho application of different "Odell m 
roach uss 1 billion. (Stochastic hydrology 
hydrooluctrlc systems). 

Hator Hohuut, Ran,, Pnpor 3U09B1 


3160 Ruiiofl and Strodroflo 

ECONOHIC EVALUATION OF HATER HARVEST INC HI Hlt«- 
CATaiHENTS 

G. Oron (Ben-Gurlon University of the Hegav, 
Dlsustein Institute for Desert Research, Mryat ,*■ 
Dokcr 0-1990, Israel), J. Ben-Ather, A. Issar and 
Th.M. Boers 

A cost-benefit analysis of the mlcro-ealciraat- 
hb tor-harvesting (HCHH) technique has shown that « 
highly dry zono (1.B- annual precipitation fll >«* 
than 150 ran) the predicted incano Is negative- 
Introduction of modified lochnology improved Ml* 
harvesting and thus increased the predicted nit 
Thoso modifications aro associated with addllloMi 
expenses leaving the additional benefit a»i«lio raB,e - 
A cost-benefit analysis Of HCHH with insarts 
(perforated vertical drainage pipes) to '"P"*! JJ2L 
use efficiency has lad to ■ conclusion that not 
Is higher than that of HCHH without Irtserts. 

In a highly dry zono tho not Income Is *1*1] "’l* 1 
(although only slightly) while in dry zm* l'-*;. 
annual precipitation of 2M on) It becomes pOSll'T' 1 
(Cost-bonefll, mkro-catchmont, inserts, runon 
offlciency). 

Wntar RoH-iur. Run., I'npar 3W0972 


1199 General (Small Resorvolri) . 

OPTIMUM DESIGN OP SMALL RESERVOIRS (TAW* , 
O, 3, Holwas (Deparimont ol avll Enslnaortig Urtv*™ 17 
California, Davis, California, 95616), f- N- 

Small reservoirs, called lanki, ara e ^gdi 

•aior harves Uni mctliodi in I he laml-arld uopw_^ 
and many other coin tries. Though com JderM 
lx being planned to conslnid more of them, * rjrjga i 
hai lahen place lo discover tho moai ellklonl 
tanks. Thi* nAMRr prnnniM * ncflllnwr opturlZlS^^^.* 


tanka. TW» paper propuM • nonlinear 
la design ihoia unkt. H Is, in * •‘“•'J'RTrf 
technology" because a traditional approach li 
newer techniques to Improve Irrigation aysMM 
Iniensiva or high lechnoIogY conatrueilon methoos 


■ — w liaipi UVU Hiip..-..-! J. 

Intensive or high technology conairueilon meHwot. 
waieraupply, optimization, taidcxL 
Water Roaour. Ua., Paper 3U0693 


Meteorology 


3715 Chemical exposition and diemlnl 

ON THE TEHPORAl INCREASE OF TROPOSPHERIC .£«« ^ 

O.N. Ehhalt (Instltut fUr AtmosphSriSehe ^ 

forscliungsajilage JUIich GefiK, Postfach 19l3i 
JUlich, Frq), S..J, Zander, and R.A. Lawrtjl* ^ 
The available data on tha tropospheric O** VL , 
ratio In the Northern Hemisphere ara e *® l 7rL irt vd • 
possible trend - with tha following resuU- 
no or little Increase between 1946 ana l* 7 
by IR measurements of the atmospheric CH« : 

Slty. Between 1965 and 1976 there aPP elrs 
creaie In tropospheric CH, at an average : 

0,5 S/yr, as suggested by Independent H ts . :..! »( 
suremonts. Between 1976 and I960 a CHt J"i2Sjhglf. 

1 to 2 */yr has been observed by «*«•' “"Li h 
T he overall trend resulting for th« P** 1 M*{J3ia, 


The overall trend resulting for the pas 1 JJf ; 
subject to a fair amount of. uncertainly, w" 
tropospheric chemistry, trend). 1 
J. Gaophya, Rea., Grata, Paper 3C0339. 


J71S Chemical compoiitloo and chM 
OH THE VARIABILITY OP AUKMPKERIG CAMM “iC 
COHCEHTRAT IOH AT BARSOV, ALASKA BUR™ ""L* u • 
B. 6.1 tar (Coapantlvd IlUtltuti ffl f .f' ggtvtfW 


Edv 1 ronm an t • 1 Scloncai, CxmJw, So* ***' -j. 

Colorado, Bquldar, CO 80309) *" . gJ l* -j 

Winter variability over parted, of 3 ‘ i ^ 
aurf.ea CO, doncucr.claa at B *rroWii AW" IJ 


by oauUiing tha ralntlaa betwaaO ft 


tfaciop or; curt ad with rolativaly dsap ■* la . 
Arocie «lr Baasaa. The long raeldanca *“■ 4 **4t“ 
Arctic af thane air hum If, ' 

with both a natural CO* aonrea, M i . 


with both a nsbural CO* aonrea, ^ 

Oeau, and transport of xnthropo*® 01 ' far 1 ** r 
ldtltudsn In a Btmiar alatlar H *MF r ^nfcrvff* j' 

Arotio bada. Trojaotorloe ««“.* „( 

ionic. 00 * Source r«|ion of, aostoni *■“ ., 

non tribute qigalf Inaatly to **>• . I- 

Tha largogt' negative ;0D* B r »^ tU 1 

Die influx of nlr fro® the Berth ^ Art** 7 , 

Aclsnric regione .bate a the 1 low . ear fe^ er, 

layer. Tha aoletura aeundipg j , 

dUfualon of this atr SJoft to the kKtl* 

invar. Ion layer. (Carbon dldaide *•«•» 

Bate, Arctic aeteorelogy). • 

J. Ceophya. IUo,, Groan, Paper 3CD93" -. 
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June 2H, 1083 EOS 


...criwalcsl composition and chemical inLe.acllons 
«' W wSfwAi INCREASE Or IR0WJ5PHERIC EH. 

» rM.i> (Instltut fUr Atmosphdr liche Chemle, kern. 
M- P“!L i!S JUlich GrbH. Postfach 1913, D-5I70 
K I ?RG) Tj. Zander, and R.A. Lawootagne 
fi i« I*a liable data on the tropospheric Ol, mixing 
I™ :I the Northern Hemisphere are examined for a 
e trend - with the following result: There was 
little Increase botwean 1946 snd 1965 ss evidenced 
J! |R raasurwenti of the atmospheric CH, column den- 
{[i Gitween 1965 and 1975 there appears a weak 1n- 
In irnpospherk CH, at sn average rate of about 
isTjaaested by Independent sets of CH, mea- 
t,S J2tS Betwew 1978 and 1960 a CH, increase of 
!' 'Ifft/vr his been observed by several laboratories, 
n- overall trend resulting for the past 30 years Is 
Jfsct w i fstr amount of uncertainty. (Methane, 
tropospheric chemistry, trend). 

J. Gaophya. Ke«., Graan, Papar 3C0339 

nil fciiorology (Ueccricol Phanomana) 

IH LI OUT UfrWSITT HITTI UEICHT AND TIME 

ISmsEquun LiciminiG rkiurm btrokes 

bi Jordan (Papertmant of El.ctrtcaL Englnaaring, 
^meuTcf norite , Catnaavliln, FL 32611, H.A. 

^blttlva light intensity h*! haan massursd photn- 
a* . function of baight and Lima for 
wbiaquene return etrokae lu two lightning 
(mbit a range, of 7.8 end 8.7 km. Tha filn uaad 
-u bdik 5474 BkeUburet which haa ■ rougbLy enn- 
il«t (fBctral raapenae baevnaa 300 na and 670 oa. 

Ih. doe moist loo we about i.O me, and tha 
mUsl roeolutloa vu about 4 m. Tha obeervad light 
Jail, cosi lit of a f.at rise to ptak followed by a 
Haw dur.u. to S relatively const ant value. Tha 
—Head, et cha initial light peak decreases expo- 
■odelly with height with a decay constant of shout 
jj t0 o.g fau Th. 20 to 80 percent riaa tine of tha 
hltld light nignxL is between 1 and 4 ueac near 
pnoiand lnera.ies by an additional 1 to 2 uaec by 
IbtiH.iha return stroke reachoa th. cloud has., a 
laigkt bstveeo I and 2 km. Tha light intensity 30 
t*K Dear tbs initial peak ii relatively c octant 
irilh blight mthuu amplitude chat la 15 to 30 
ptexst of th. Initial paak naar Din ground and SO 
p> IDO pircent of tha initial paak at cloud ban. 

1 b logarithm af the paak light lntaualty rear tha 
pnd ]i roughly proportional to tha Initial paak 
iltclrlc [laid innnalty, and thla in turn lnpLlaa 
that ebi currant dacraaaa with height any ba nxich 
llovu thin the tight dicreaii. Tba abaoluta Ughc 
Ixtauity haa bean eat taatad by Integrating tha 
iblographic llguU froa individual channel oegnenta 
I* lionlata tha calibrated all-aky photoelectric data 
g| Guo and Krldar (1982). Ualng thla nachod, we find 
■kit tha hid peak radiance near tha ground fa 8.3 a 
U*W/a, with n total range froa 1.4 x 10 s to 
).l a ID 1 H/u. 

J, Gtopkyi. He., drain, Paper JC0602 


1/99 Genirsl (Atmospheric neisurenants) 

W ATMOSPHERIC LIFETIME EfPERIHEHT, IV: RESULTS FOR 


Cf/Elj BASED OH THREE TEARS DATA 
HH. tunnold (School of Geophysical Sciences. Georgia 
luilluti of Technology, Atlanta, Georgia end CAP, 
Incorporated, Atlanta, Georgia), R.Q. Prlnn, R.A. 
Iirussen , P.6. Stumonds, F.R, Alyes, C.A. Cardallno, 
mi *.J. Crawford 

haaiurements of tha atmospheric concentrations of 
ffjClz at five rsnite sites by electron -capture gas 
chroraLography for July 1976-June 1981 are reported, 
w January I, I960 the globally-averaged ml ring ratio 
al dlchlorodlHuorsmoihane In the lower troposphere is 
minted U have been 285 pplv snd to have b««n 
Incruslng at 6.0l/yoar. Assuming destruction of 
“fcl; * n the stratosphere only. Its atmospherit life* 
tl'e Is estlNted by the Inventory technique to be 69 
i«f|. However, using trend analysis tho lifetime is 
minted to be longer than 81 years. The observations 
I'Btit a naed to furthor assess the atmospheric 
"leue of Cf’Cl2. Particularly that In Eastern Europe. 
J.fetpLte. 6aa., yreen. Paper 3iD670 


Oceanography 

FA tomdaxy Uyer utd Ennhange Proce.ee. 
loapuiSBi or ossefvhi and u^stpophicai ly cauuiatld 

nsi£*TUU aUBFOCE WINDS OVER THE EAST CHINA SEA 
ri w** 1 *®* u °hart D. Fi»-m (O.-aariLiqraphy Dupartmunt, 
iKiMa Bull Ualv.r.l ty, Tallahassee. Florid. IJJOOI 
tettla. qwitrophlo winds (v_|, 'calculated over 
r* c ht“ be* from lurfsco [■ruBBuro nap, are run- 
[ to obaerved wind. C* ) frc« tho roqlon. For moan 
^“"., 0 * ravage cmntsrctorUrwiia veering angle from 

* ’% f* 1,0 " a thB avurago ceduation In aaq-1 Icuda 

... ■ ™ r fLuctnettnq Kinds cha avacage vaarlnq 

manuaHon ara 25° and S5l. Tha groateet raduc- 
“* toc etatlun. while tho lowoic fllsj 
■ at an offahora huoy at, cion. Evidence from 
(ril J?!*'™ 1 ' 0 y u « tl Oh» augqoat. that th. ^ibc- 
fer ol % a « vary atoilat. avoir 

t-j, "ta* uhJunrad Slnda era of muali lower 

** 001 app “ t t0 bB r el Labi n. lOvor- 
R»et*ophlc wind o.ttaatoa, wlmi com- 
J.ftL ' “ tound «Y lever). 

pV*. Raj., Groan, Paper 3C095L 

CgaiSf“!i!lj “f^ngeephy (Calcium Carbonate) 
HjjJri^WLATiOH variations under the peru current 
‘■aTbo^ U0 ' 000 YEARS 

hi u!v Wepartmanc of Earth and FZunacary SoienoaB, 

* BllJ) 1,1 ' n,tIt uCo of Tochnalogy, Cambridge , 

esnlliSr!!? ■•‘“tnun ratio in con 919-29 la 
■ttNIatlM r * WlUcMI accUBulotion races. This 
fluctaettai, ITi!f dua e “ Rlafatoeono sol tan transport 
M3 tad sol r,_ . . aitor tho moan grain niaa of sodi- 
The relation botwaan . Lunin US 
Men rat*. arJ Tl /Al, a.t.bllah.d fron acaiunilo- 

nl., -«M«Ud avar 11-50 thousand yo.r Int.r- 
htnj ,> ,. *f v * rt * d cuaputo > high-raaolu tinn 
ntu gy. “““oeiUcatB and e.lciun .ccuBulatlou 
‘to. ntu JJO.OHO fo.ro. Carbonate acciumla- 

t «ctird ta ew, » 1 y raJ.tod co the oxygen Isotope 
“silent tlu, i.** 1 1,11,1 * Rtaao lag and daeplag 
■Helm cerbiK«* c ®®pnt Ible with cha response clma of 
hlj si. “ Ehe oeau, which ia shown to ba 

til ‘ 9k, 16x^7 Carbonate Hdimmcacloa at 

* w «e1it.a envarel prncaaaaa tndapandancly 

^iinnc, of ; h r™ ,tlc eh “K»- Hi« ralatlva 
‘•lha it T* e proceiao, for oarbonate aedtaen- 
“ ‘Mi ; 0n c * n b« const rained by the raoord 

tawaiid ucteL* UaM ot "WUencai 132 of the 
Uaeial ptoiodTrJ*^*^* 11 lon BC thl “ ,leB during 
l| fa . J *“ ta dtalnl.htd HASH formation) 

“■ fcrtk A(LS!!*!“ Pkoduetivity doctuna in 
^Uov-J 1 ^' >5X «y be du. lo a dtainUh-4 
talefc, “ t «™"C , .,lolr, ud the raatduaL 3« 

'“jDmenti .r.*,!!!? 1 P^ductivlty lnarNaa. Thaaa 

M(koiai, wkkh obaarvatiema on 

Mta!U.,i|g^ c ywMW fta ln the North Atlantic. 

***' ‘be retard r ““ varlatlona corralata 

k«Unr,,t ATM-. f “ 1 ^ n 9uarta dapoeltlon near 
J e r *rorJ, fa f n • ganarnl way, with Cha cllma- 

S lU,, Y ft« ii! d,UU the rBOord differ! eub- 
, U ‘ la deje»4aiit t ^iaf? aD record, and may pro- 

Ipualc,, Widens* °n th* naeura of cLtaata 

I, Grork- ’ 0ll “* ,, ■ 

Draan, P.p Br 3C 0937 

J* !2y^i;“ ntal a ‘°poi 

12: ^WiMy V * STKP COIfFIHHBAL SLOPE 

HnU, fajta Ooaanoqraphlo Imtltutlon, 

./■“■hUta, WMI1 , ud P-T. Shaw 

* 1‘het.iiy t over *ta mtd-oonttnantal alope 

^^lal “«tar than ova. tha adj.c.nt 

t2! lEla » •odttaL a t 1 “' ln9 ■•fctltng out of fiiio 
a"*- A wri! ,? !orpw * tlon knko permanant 

'» . ■*Pk«n»eten of thla 

. ■‘•ep (IqI. ln 5**ma of the ’inaulaclnq" affaot 

7 “ eMdietiol Jo, tha dynamical modal. In tamo of 
'••Pond* ^ k-? 1 " 1 ?”' kho friction dh f fie lent 
S? 1 *. ^“^“kivity. a. alBpe hast 

u*’!; * 1 « , wi*l^ R ? ftt,n “ e * 1 “ lo P«- *he Uttei la 
NMU* 1 !' Tl "«*ua5!* u '* ^talent. orWUiating from 

"” r “■ 

«s azifai.*?*, 0 ® kmportancm ara mok partly 
B ‘e»wta!Li OC ‘ 9«™kebtan taohuiu ia 
IhalL!* ‘ta depth “^"•kinq fta* thb Gulf Strata 
of a h . rt • au « , takow 3 his, by a aqohuiam 

»« likely to a»iY 

Mont! v 1 die tent frag metarn 

(Currant. _ u a0t - BU h]act to infanta winter 
*»■ Mtlrot, r.^ oodtinantol alopBi' nvii manta - 

- ^ta-n, Pepqr 3CIQD3 . 


4785 Surface Wavaa 

«y EU - lra “T.AF tMAGBS OP OCEAN WAVED 

U.P.B. Lower, I In at l tut. or Ocean Br lance, , 

P.O. Be. eoao, tldn.y, D.C, , Canada. V8L 4B2| 

*«.«•« B 0 d.il explaining , ada r leaqigg „... 

aurfaca warai hava couiderad variation, l n radat 
rroa, bicUou 0 r the tlltod or rougheami aurteca and 
b “ achln9 «”■*=« «u*,d by th. dopglar ablft! 
... ic *kta t 4 ia, u I. poLrted out hare that 

■inpla layover' effect, alii 0 .u.. an .ddltlon .1 
significant modulation of the l mag. btlqhtna.. that 
vl elhl ilty 0| ranqe- traveling 
(Ruot* b»hb1ii 9 ( radir. lorfADi vavul . 

J. Gaophya. Roa., Green, Papar JC0982 
4780 Underwater Sound 

ON THE REKJTE ACOUSTIC DETECT IQS OP SUSPENDED SEDIMENT 
AT I.0HG WAVELENOTHS 

Alex K. Ilay (Dapartaant ol Physic, and Hawfaundland 
tnitltuLs o£ Cold Ocaan Scf.rea, Hamorl.l University of 
Newfoundland. 5t. John's, Neviouadland AIB 3X7) 

Esp, r Lment. l reault. era pra.ent.d which indicate . 
liner rolarfon between th, tin, -aver aged uplitiid, at 
cha envelope of cha hackec.tcered ocouetlc pulse et 
192 kHx and th. squ.ra root of .uapeadta Hdlnent concur 
tec ion Ln the 10 co !03 ag t'l range. Particle si... 
ranged fra 2 to 140 la. Th, Boamroasute wire made tn 
a negatively buoyant, nine tailing dtiebaige plua. in a 
aubmarina channel at depth » af 60 to 90 d in Rupert In- 
let, B.C. From the thtsry af acoustic backaratter (na 
a ,oli d alaetic sphere in th, Raylalgh region It i, 

■hown that If the praaiura laplttude af cha backicat- 
rared wave ia Raylalgh dlitributad, than such a linear 
relation ti to be aapactod. Exprenloni Tor the optimum 
acouecic fnquency lor tha detect ion ot dilute auipen- 
aiona at a given range and ror che alolnun daiaccable 
concentration era obtained aisuming a thermal notie back- 
ground. The poieibLUty that bubblal contrlbuta to the 
backicatcer la ronsidarad and found to be onllkaly oa 
the beets or probable bubble lifetimes, 

J. Gaophya, Rea,, Green, Papar 3 COS id 

4T99 Oenoril (Rubble Persistence) 

TOE PERSISTENCE OF AIR BUBBLES AT A 3EAUATEB EURFACB 
Bcott R. Burger and Dunoan C. Blanchard (Atmospheric 
Bclanooi Resasrob Center, State University of lieu York 
at Albany. Albany, DT 12222) 

The time an air bubble peralita at a seawater 
eurfaee ia a function of oany factors. Including tha 
relative hualdlty and speed or tba air over the eurfaee 
of the water. Ho find lost bubble surface Ufa 
Ipnreoaea in magnitude with decroailng bnaldlty end 
inc running speed or the tir. Thin nppsara to be cauaad 
by n salinity gradient along the bubble rap. Thin pro- 
due on a surface tension gradient (Karen pul effect ) 
that Increases bubble ourrase life. 

J. Gaophya. Raa., Paper 30)9)6 
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5310 General (Cutoff Rlqldlty Yarlgtloni) 

THE EFFECT OF LOCAL PERTURBATIONS OF THE GEOMAGNETIC 
FIELD ON COSMIC RAY CUTOFF RIGIDITIES AT JUNGFHAUJOCH 
AND MEL 

E.O. FlDcMger, D.F. intri and H.A. Shea (Air Force 
Geophysics Laboratory, Hdriscon AFB, HA 01731) 

He have Investigated the effect of local perturba- 
tions of the geonegnatlC field on the vertical cosnlc 
ray :utoff rlqldl tl,j et Jungfraujoch end Kiel et 
representative nldlatltudo neutron nonltor sUtlonx. 

Ihe ruin, effective, and 5 Lome r verticil cutoff rigid- 
1U#i dnd their chanqes were dete mined by utilizing 
the t re joctory-t racing technique in a magnetic Meld 
which li modeled dl j stiqile dipole Meld to which the 
disturbance field II Superpoied. It was found that tn, 
cosnlc ray cutoff rlgldltlei are noil lenilUve to var- 
iations or the z-corponent of the geomagnetic Meld al 
qeoragnettc latitudes -2lPt a t >10* end at longitudes 
within 90 s to the east of these northern henlephere 
station*. Furthemore, cutoff rigidity variations at 
Mel are predoninanlly due to changes of the georagnetic 
Meld within geocentric distance* ?-5r e < r ' 6r e 
whereas at Jungfraujoch changes In cutoff riqldHle* 
are caused almost e>clu*lvoly ty nagnitlt dliturbances 
within Ir, ( r f 4.5r f . 

For both location* in* -t*pen-i*nr* ol tne rain, 
effect I ve, and jtorner vertical Cutoff rlgidUle* or. 
the radial, latitudinal and lonqlLudtnal Structure of 
the ruqnatlc parturbatlnn* I* given Oipllcllly. Ihe 
result* are discussed with respect to the theory by 
Irelnan (1953) describing the affect of a ring current 
on cetnic ray cutoff rigidities. It I* also shewn 
that for the analysis of the characteristic properties 
or tho correlation between cutoff rigidity variation! 
and specific qeonagnetlc perturbations the rigidity 
corresponding to the first "discontinuity hand" of 
the rigidity spectrum Is an extrermly useful parameter. 
(Cosmic rays, cutoff rigidities, magnetic storms). 

J, Gaophya. Rue., Blue, Payee 3A09I9 


Particles and Fields — 
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5530 lllgh-lae ttude lonoipharle currants 
EQUIVALENT I0HD8PIIBRIC CUB RENT SYSTEMS ■EFRBSBWUB 
LUNAR DAILY VARIATION! OF THE FOUR GEOMAGNETIC FIELD 
S. Hicauahle. (High Altitude Observatory, HCAJI, Boulder, 
Colorado 80)07) end W.-Y. Xu 

Equivalent Ionospheric current uyaroos of ehe lunar 
dally goaoagnetic varlacteoa at both high and nld-leu 
lutitudaa during a eoloc active parted era astimatad 
from geomagnatie data for chraa aaaaoaa and tha yearly 
average. Clear cniveetiva eurranti at high latltudaa 
are round lu addition to the vullknown old-low iatiroda 
current lyartm. Flald-allgnad electric eurrunte ea will 
as the wind dynamo effaeta which prodnea tha ubrainad 
aiactrtc currant ay, tew for (ha aamidloraal variation 
ara exsmlnod, It ia cancladad that rha wind dynamo 
play* ■ baaio role tn producing Cha currant ay atem at 
high latltudaa, a Inc. lunar effaata on tha Mold- 
allgMd currant dtetrihutlon ara difficult ta explain. 
(Current ayntoaa, ftuM-nltgned a lac trie currant*, wind 
dynnoo elfacti). 

J. Oaophyi, Raa., Blua, Papar 3A0904 

5530 High- inti tudu lonoapharie currant* 

SPATIAL RELATIONSHIP OF PIEU-ALIGHPI CBRRENTH, 

ELECTROS PRECIFITATTON, AND PLASMA COXYKTION IN 
THB AURORAL OVAL ^ , _ 

H. P. Colay (COnter for Spa. Sol., Hv* 1 ” 

Univ. of TexflH at Dallas i Itehardeun, ti 75080) 

A technique haa hatu diva loped that allowi ‘ta 
BDilyeia of aagnutomater data froa Ataosphara Evpi« 
ar-C during thaaa partoda whan the *" 

spinning and eclipsed (not ennlir). mtilieetlta 

of these naguatameter meaaaramantB to datarmliia flald 
allgoud current a true (ore lu conjunct 1(0 with enetgaMc 
part tela and plaoM euntaetion Beaouraaanta from AE-C 
enable, oa to determine roUllonebipa between thaei 
Ph.wowrau. tn the nighttine auroral nine. Froa e 
study of acta 18 auroral <W «1 croaelnge In the 
IB0O-220O KLT end 0100-06QO «T It ie 

tn gauural, th. region, of an*rg«r.lc 

It. lion (71 kaV) .pan both Raglan 1 end Raglan 2 car 
rant* with th* polawarf boundary nf thn RaglM I cur- 
rant* approx iroteljr cotneidant with 

kilovolt altatron boundary. >>!“ 

af plasma conviction indicate ‘hak thn n^r.U fro. 
tu award to antieunward eouvection ie aloe Ie J*«*r,L 
coUoceted to within * dogrea *f invari a n t ialitudi 
to the poleward flald-allgnad “P*!? tta 
thi ew.nl ng and corninl e-ctoir.. It 1» e*" ktat th. 
low candustlvity If. the ^ winter paler eta 

S3. ; 

BagnetMpherlc 8 boundary lapr. (Curronw. couvaction, , 
particle praujpitafclodl- . 

j. Ddoph^b, R»«,. »»"■. faf« r 3W945 • 

■ ^ ”“ BI,IEV r 

Dtab Stat, OnlvarailF,: l-gta. :«t.h 8432*),. ^ Mote. 

. convaatiop waLdoltiaa, notaired with HiUatuta • -.- 


d.naLty region, a nlghtsld. nldl.cliude trough, and a 
region of sllgjitlv enhances! du.lt Us ln tho auroral 
xone. Although the dnvalda hLgh dun, icy region usi duo 
to aol.t EOT radiation, li was not sync tr leal shout 
local noon 1100D-19QQ LT n.cror) owing |r, tho affaet of 
horlionral (rnnnpott. The nights Lde nld-lacftudu trough 
woe the deaput, th. widest, and reachid lit uit mqun- 
turward lalLiud. tn (ha nvning aotior- lha radal at 
able to reproduce chneo no fa.turu* quKo sccurataly. 

In cho dusk IOC tor. c hn uwugh vu filled in and Ir. 
latitudinal extant waa restricted by . dlicraio nurernl 
arc, a faaluro not Included In chu lnnoaphorlc nodal, 
Escape I*r rhla arc regLon, lha anhtncid alacrion donal- 
kie* In (h, auroral xone wot o adequately dexcrlfaod by 
(ho avaraga precipitation lluxai uned In th. nodol . The 
obaerv.d plains drift valocltlaa ware coaslxtonc with a 
Iwo-call, seycaiLrlc convection pattern with enhanced 
flow In the dusk sector. Outside tha polar rep, Lha 
fal l-of [ of th. ugretoiphorlc patent 1.1 with Utituda 
v.. proparclon.1 ta tho Invar., of tha also of cnlatltuda 
tolh. fourth power. Tb. couvoct lo a patens ecpliyad In 
Lha modal Included thvi, loitura, ud had ■ bD Kv cro.t- 
pn lac-cap poLOnxlal, Effort. La ra produce tha obiarvad 
bo haul or using a target cESts-polar-cap potintlal (9DKv) 
or a ayimacrlc patruru are also pr.Kotod. The,, wi 
genera II; lux anccaitful ud damanatrsta th. lanaitl- 
vity of tha aarphalogv ol th. F-ragion at high lacLtufaa 
ta the convection procoai. 
i. Gaophya, Rea., Blue, Papar 3AD799 

3543 lonaipbarlc dlaturbancai 

KDDELIK OF 9FACED-RECE1VCR SC [XT ILLATION 

HRASURBiENT! 

A. H. Vtrelk {Dsparluoat of Electrical Eng Intar- 
ing, University of Illlnol. at Urbann-Chaops ign, 

Urbans, Illlnais, 61BGI), C. H. Liu snd K, t. Teh 
Spicsd-racalvu BclntUisclon na.iurtnants are 
sodulad applying aciutlllstlon thsory tagsthar 
with model apactral r.prastnuttona af non- 
fros.a turbulent Budis. Th. offsets of velocity 
distribution or scat Carer a, diffusion or irregu- 
lar It I ai and velocity gradient scro.l the 
■eaten Ing layer On pirsautarx derived froa 
■paced -race Ivar ictnctlldloa nporlsont. sra 
■Ludlod. loth corralatloa and dlaparilon 

■ nslyxe, .r. coasld.rsi, Tha reault. feoa 
modal ing are ccwpxrvd with abi.rvatlaul date 
[ram tho aqnstori.l region. It will ba dnan- 

■ Lrotad that aair-c anal. cant modcla can b* con- 
■cructtd In IntarpreLIng th, date ind Information 
about the drift voioclty field ln lb, lonosphara 
can bo obtained from ap,E*d-r eea Ivor axparlnanta. 
ISpacod-racilvaT, ac Incll l.tlon) 

Rad. Scl, , Papar 3N0B6I 

3S4S U-noapharlc dlsturb-incaf 
COORDINATED HEA5LREMEHTS l)F LOU-FNEPGY ELECTRON 
PRECIPITATION AND SCINTILLATI0H9/TFC IN Tbt 
AURORAL OVAL 

Tununda Raau llmanunl Col logs, Boston HA 02115), 

Elleau HncXenxlo, SnnLlmay Bosu, H.C. Carlson, 

D.A. Hardy, F.J. Rich, and R.C, Livingston 

A case study of coord lontsd ohsurvat too* nl luw- 
onorgy 1*500 oV) wloctron prrclpltal Inn in cho auroral 
oval I roa L.15P/FJ aud phau, and amplltud, ,clntlllu- 
tlun, froa Boy, uslrji j gogsuiUiurr sniullllo 

trxnimlttlng al 244 Dili, Is pro non l ud. Thu procipLto- 
tion avont took pinto during lha expansion phase of ,n 
InLOD.e evening sub, torn, when tho equal ■■(%!.> rJ boun- 
Jory of th, dll lux. aurora rnacl«d 59" Invurlont lall- 
ludu. Particularly large pha,« *C liulllvr lone i-IQ 
rad Luna for fluciunlon fraquunclwo • 0.0uo7 II- ) wor, 
found to bu well correlated will, tniwnsa <iu*oa < 'I 1 ) 9 
particles len’ a sri-<i preclpltato-i l"W-anorgv 
slnctroRi. Total olcctron conlc-nt ond ougnetonel er 
□e.auroDrnls indicuto that the onset „f rhu nrcclpllx- 
llon avont Wo. about 19 aln prior to tho ittSr pj.,. 

V till In Ihls tin, lE.llo, lha Lon I rat lull R-jnoraiod In iho 
F- region could laach tin top-idv "o thoi the ihomjl 
lannor on b?,rd the DHSP l.ilalltttr u.«s able to Dausura 
.1 factor of 2-J -Junailv snhunconani xt 6H) In. The 
luttiuJInal width ol Ihfae den, lev atruClure, ta '-•-■0- 
Blelonl with tlul of r -ruglon blob. rt«r«cd ’t 
Chaiani)., The gr.qJIanL *c!l«-lanRtli unaurud In iha 
Lop. Ida wax only 30 Lx, which was picb.ibly tclftmlbl! 
for the fast grown, rote o T tho acini II Intlon-produc lug 
Irragularltla*. Th, ph,,, u< acf-l ttude aclnt 1 1 1 it ion 
ratio chnngrd rather drastically conpaied to qulot eag- 
natlc clcaa, houuver, iuplylng char Increased convec- 
tion velocities during chan magnetic disturbance, were 
pir-lill-. r,-»r *n»|l*1* f*r tho ur.hjr,..«l phase sctntlMl- 

l.-„ n.llL.., -s... pjIll-U ;-r* .ipilJttur,, demit " 

cnliancomunt , autiXt-jir ) , 

Red, scl., Paper 3SQ63D 


3530 Alrglow 

DEPEND E-CE OF AURORAL fUV EMISSIONS 0.V THE I SCI DENT 
ELECTRON SPECTRUM AND NEUTRAL ATN05FHEU 
Ei, J, strlcklud Heart Amaoclataa, Ik,, Poll Office 
Box 2349, Raa too , Virginia 2209OJ, J.B. J.apataS and 
J. A. Hhalen. 

In this paper ww axiofna tha ralationahip among 
cartaln prominent auroral TUV lol.stBn fi.iut.s. lha 
Incident al.ctron apactrus, and the amdsl nautral .tnoa- 
phara. 01 van the neutral stmolphar. wt .haw that for 
simple nod* Is of tba incident electron ipictrun (Max- 
wellian and GBUBBl.n in anargy) aatalltte aealuramenta 
o( FUV emission fa.tur.*, in parlnclpl*. daesmin, tha 
incldanr alactron ipactrom. Wa elao dlacuH tha rela- 
tionship hatuaan th* Incident electron apactrua end the 
E- rag lon plaas. danllcy prof 11* for thi cantinumia 
(dlffu.a) surer, ud far a stable .re, (FUV sal axiom., 
awrors, ilsctran transport). 

J. Gaophya. til. , Slut, Papar 3A0370 


556) Plasma not ion, convection, or circulation 
NUMERICAL SUOLATIOO OF ODUHTEUTREAHIRG PLA5HAS AND 
THEIR SE1EVANCE TO IHTER8EM1BPHEHIC FLOW 
H, Singh (Cuter for inoaphtrlc and Epsca Sclencos, 
Utah Stela Dnlver.ity, Logan, Dtoh, 84322) R. U. Sehuok 
The coillalonluB axpanilou of countarstraulng plu- 
... hu baan studied by eolvlng tha aall-conelataat aab 
of Ylucrr and Fmlaiaa aquation! In ou-diwamalno- The 
motivation for Cha acudy ta to aluctd.es sms. of th* 
basic physical processes which Oay occur during tha 
Initial ralll ling of deplocad flu* tnboi .ftar a meg- 
pxtle .tan. Thn si mu I alien gurotiy cMiIat.d of two, 
high dnr»iry, H* 1 - Q* - alaerion pluse. (conjugnta 
lopo.phsrea) uperatsd by . low denslcy H* - olactron 
pi xu. (tutorial plsisupbara) . Tha tanpax.1 nvolu- 
clon of tha expend log pUeau end tha sleet mite tie 
potential in lbs raglon limn the two eouree* hj* tha 
fa liming ch*r*ctarlstlei. Th* Initially minor Ir 1“* 
rapidly flow out of th* anurca region., eras ting cooa- 
ts rat ruling dauity-ibeok fronts which propagate et 
the Eegd.av Kiah nuebsr rot Itm-seouatie ihocka 
fH- 1 , 6 ). Bawavor, th. ohnclts era preceded by ourgatic 
forartmnar Ians, which ata th* firat to IIU tha *qta- 
torlal' raglon- Hhen tho countazstraamlag lon-yconscle 
shook! colllda, tha density In *h* equatorial region 
baeornu or.rly s conitut. twleo tha value of tha den- 
sity is lie individual shocks, lha olactmtetlc po- 
tential distribution froa th. stnirc. plt.su ta tbs 
Bid-point of tha ujrpntulott region display* ta intera.l- 
log future. A potamtUl hill foro* nair tba mid-point 
after the arrival of tha mein din* lif-shock front*. 

This loeallud potontUl hill play* « Uqmriaok wlo 
in ths tbarullxatiOTi of tho Ion streata and say octhf 
ln th* equitorlal .plunupb.ra after oigMCle aeon*. 
Tba BUMflcal simuUtion* lndleats that tha ion haoM 
in tha eeuntaka Classing fblta at* reaarkably atshlo 
•rich ratpact to ths iort-aeaiucio Itixt ability, whloh 1 * 
In agratmsnt with thn linear ioitahilMy theory. Fow- 
avar. in iha praAonea ol a somatic flald, th. lino** 

I na lability thury predict* that th* eomitarst rooming 
imorgetic fotonmoar lex* can ore It* cyclotron man*, 
vfaieh in tum Din thonallM and trap Cha energetic , 

; fororuiutlra ■ Such a marlmlim may bn opsracldg is lha 
aqnatoridl plaioaxphsra tfaartly iftar tagMtle otonsx 
J-, Gaophy*. Ru. , BUo, f.par 3AD92I 


' 5389 Canaral (losospbarls modi Fl eet I an) 

- PARAMtTRtC EZGlTA-nON HTO SOPPHSMImI Of CONVtCTIVE 
PLASMA IIBTttILItlEg I|l .TO 810 * LATITUDE P-UGIOI . 
ioNgsmere • 

. h j, Xukloia ■ .'(H**«l - RaOaarch Laboratory, 
.Haahlngtorii D.C. 20325), . P.E- Chaturndl, xnd 8.L. 
DflMtof it- 1 -i 

Parautrlo soaplldg praaaaaa* of a largo aroUcuda , 
•; eiaotrouegnatlo ' p*mp- wav* -wl*K eonvactlv* (xlana, 
fluid inatahllitlal is tho high -latltnd* F- region 
. Idaoiphor* Revs boon iLxdlad.' Ha Mod -thgtia ' prop 
wavat with foaquaiioy nil tha npjlar hybrid ffaqaaosy : 

I -and with olahtrlq MaW coapoaast ' parpandlculor , tn 

tha aoblul i oagndtlc . f Laid, oaB atablllM or ' 

daitablllte th* B * B gradlast-drift *sd/or eotrsqt 
cox Tact |v* ioileOlilT' »*r paraxatarx typical of 
ths alihu'loa high 1st I tod* F ragtOO lonoaphors,** , 
find lUbtltMCloo I or deotshlUsalloa with » 
vertically ihqldsst 0 mode esrrylog » 

• inctdiat pekar dapslty ao the o»d*r of Irw . 

J,' Ctopbya. Pal. , Blus, Paper 3AD902 , 
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5713 Eleriik FibUi 

TIIR DliTRIBimOH OF AURORA! EI-ECTH05TATIC SHOCKS 
BELOW *00(1 KM ALTITUDE 

E L Ekmtu IPhyxln Dcpirincni ind 5px» ScIciuh Latnwtvy. 
Unhtnliy ofiTHroiali. Bcrkrliy, California, 94720). M Tcmcnn. andK 
S Moztf 

Thii Mj«r ei mine* the tbuiibubona ind chiraticfJMici of thtin- 
tuilc ihocki ai obvartrd br 'he Sl-J rotil-OrhlUng xxtelllU Thue li 
auioii] evil coving, by iha nulilf! si aJI rnigEHk local Hniu aod al al) 
ihiiudci bcioein 240 mi 2000 km Ekciruiatic ihoct* arc rtssorubly 
ualiormly dnuibxiiEd in nuindk lore] lima, vtah a vllghi Increua In tho 
probaMIlay of ot cut is nee In Iho nnp region and a decrease In tha pt-W- 
mldnlghi nglon 10-6 he tin migostlc local lima) Tho occurrsnce of 
ihocki Incrrtu. sharply uilh atUudo up to 5000 br. end al o lloasr we 
•bate 5000 km ililiuda. Laiger ihocka lend ia octal above 5000 km sill- 
ludo and bciacen 16 and 21 hour* magnetic local one Glntnaiailc 
ihock* occur In or roar tha IsIHuda* of lha amoral owl, with few ihocka 
acquiring inddi iho polar cap Only during pcrJodi of high K r do ihocka 
occur at low Miudci. Shocki oexur »nh irraui pnbibi&ir xl low dil- 
iiidci (2000 - 4000 km I during w Infer perlodi dun doling lumrrff 
perl&dj In addition, a compdrlion of upward flawing Ion beam I with dtc- 
uuiiilc ihwki Ibowtd (hai aoilgallr lon bcarai lie auodaled wnh 
■hock* bui low energy lon beaou tat not. Indicating ■ partible potential 
tbiohold for ihock* In Ion teams region Alto, a lurch for upward 
flowing ton brims near ehcimultc shocki at aliiludil below 4000 km 
•boxed Itui upward Ikmlni Ion beams occur be I -ran 3000 - (HO km 

aliliufo and beiwru 15 - 24 boun mainsilc total litna wiih tl lean ■ link 
pmbttnlLiy 

J, Gwophya, Res., Blua, Papar 3AIOI4 
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HAOH&IOSPKmC PROCESSES PRECEDING DU ONSET OF AN 
ISOLATED SUISTOPW - A CASE 6TUDT OF TRE KABCH 31, 1978 
8UR3TGRH 

A. Nlshld, (Inscituts of 3p.ee And Axtrcniut leal 
Et lance, Koubs, Haguro, Tokyo 133, Jipu) ud 
Y. Kamlde (KDAA/Spaca Ktiwirnnsanr Laboratory, 323 
Broadway, Boulder. Color sdo, 80)01) 

V. ox.minad in detail the affaot ol ■ luitbuard 
turning of tba Inter planetary Eagmstlc flald (IMP) on 
tha a tils of tha aagnatosphora , taklog advantage of 
tha availability of tha data froa UU aagBatosatar 
ui rid lan chain, and froa savsrsl spaeurtft. A claar 
onaat rubatetm occurred on March 31, 1971, whoa tha 
aagoatmtar atatlona wars located in tha eidnlght to 
norniog aoctor and cha spscocraft oats nut lha 
equatorial plan* of tha olghtsldo magnatoiphat a. The 
onaat tlsa al tha sub* torn ox pane tan pha.a could la 
data r ml aad unambiguously in tornn of both ground -baud 
magnoilc and auroral algmturea. and thar* was an 
intarw.l last Ing shout 1 hour batua.n tha IHf 
soudward turning and this onaat. In this intwrvtnlng 
Interval the lonolpharlc cut rant ey.ton of Lha DP 2 
tjpa dnvalapad. Thii aohanenant of ths ionoiphaxie 
currant is driven dLiactiy hy tha solar 
wind- saga* reap bora coupling. Tba onset of tbs 
expansion phase waa than asaac latad with tha dacraaaa 
in tha magutic field anargy d aaa ity In tha tall, 
providing ovLdancs that th* auhitora anargy was 
■uppliad by ths ralnaaa I unloading) of anargy iron tha 
call. || is suit 1 Italy that aubatoio enaegy 
dlialptttd In che auroral lonoaphart througbout this 
relatively isniatad and a lap La avant la supplied by 
two components, 'direct ly driven' and 
'loading-unloading* , the relative lopoitanca ol which 
vat lei dapandtng on cho dlfEeteat aubatorn phases. 
(Bubitoro, INJ affect, growth pheae, unloading). 

J. ueophn. Pea,, Blue. Pnpar 3x0914 
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5770 Short-Period (Lets than 1 day I Variation* of "ag- 
natic Field* 

SATURN' 5 MAGNETOSPHERE: OBSERVAIIONS Of ION ClClOTBCN 

HAVES NEAR THE DIONE L SHELL 

E. 0. Smith (Jit Propulsion Laboratory, 4800 Oar Grove 
Drive, MS 1 69-506, Pindend. Callfamti. 111191, 8. T. 
Tiurutani 

High tine reiolutlor (9.75 *ot) n-^gturenanl* obtained 
by Lha Pioneer 11 Vector Helium Magnetometer insld* 
Saturn's nignaiotp here show qu** I -periodic vavei to b* 
present naar ths Dions L (hell between L • 6.3 ind 
6.7. Although Dione wit far fron the spacecraft, the 
waves wers observed when Pioneer was both Inbound to. 
and outbound fron, perlapilt and art presumably aun- 
cfaLed indirectly with Dions. The wave* have a char- 
acteristic period oT IB i«. and t/pi<il a-plltj'1, o' 
5 nT. In the region in which the wave* were observed, 
the Pioneer 11 plain) analyzer detected a peak plain, 
deni Ity aisoc latad with heavy long presumably sputtered 
fron Diane's surface and tentatively Identified as 9". 
Subsequent Voyager obtervat lens (n this Inner loru* m- 
peer to be continent with 0*. The character 1st It period 
of the wives li well below ehe proton gy roper led. Be- 
cause thi heavy Ion* are hoi (- li) s K], the Airvin phase 
speed and the lon t hemal kpaedl are nearly the sene, 
Ion cyclotron resonance of Lh» wars! with the dominant 
fans appear* capable of generating the wares. Theoreti- 
cal argiownts based on the growth rates of ths wares 
suggest that G*' Is nore likely to be responsible than 
0* but thaL a resonance Involving H* lorn with energies 
of e f« l#V cannot be excluded. Die existence of 4 
pitch angle anisotropy associated with a loss cons Is 
lap 1 led. For 0‘ f , a pitch angle anisotropy of • 9.70, 
corresponding to U/r, - 1,7, Is predicted. Pitch an- 
gle scattering of ths heavy Ions hy the waves should 
cause precipitation with the possible production of au- 
rorae near 67* I it Unde. 

J, Gaophya. Raa., Blue, Paper 3A0636 
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VOYAGES OBSERVATIONS OF SATURN UN ION AND ELECTRON PHASE 
SPACE DENSITIES 

I, P. AmatraUB (Depirtoant ef Physics and Aitronooy, 
University of Eanfaa, lowrenca, Eanaas 6BD45), M. T. 
Paonaai*, E. V. Ball, II, and S. H. Fziallll 

Voyag.r L tad 2 Lav Energy Chaxgad Farclcis (LEC?) ob- 
aaxvatlsn* or ID t*7 to 2 KaV alactrcQ and lon nargy 
•pactra and angular diilrllstlm hava bisn used to 
calculate ph*** spat* duilciei ac constant first and 
aacond adiabatic Invariants in th* Saturnian magnata- 
aphara. Tha raonlcs arc gonarjlly conalstent with to- 
ward radial diffusion tr«n on « tarsal aourca. Tha data 
obtains) also todic.t a a aourca of Lons lacacsd within 
ths athital dlstsmco of Eacoladns c.pahla ef producing 
10 go Co KoV/Gauax loos aa wail as ■ aoaxes of ol act can* 
at about 3.5 H* which produeaa psrliclsa ■* 100 co 200 
HaWCauaa. Highar sognttlc momant (100-400 MeV/Gauaa) 
Iona oxtatd Crow Lha auqumrd bound ary betwean a pin ana 
mantle and ths raglon of durable crapping at 35 B*I the 
behavior of th# phnsn spocn dansiry luggasts Inward 
diffusion of .Lhasa part icl as (row a source at ths 
boundary. Tha Idant ideation of sources of low LU to 
200 KeV/Goaisk naghsKtc moraine part Idea deap In thn 
Saturn! in nagaocaapbarm Is a nau reault of thla Work, 
Bavoral analytes of rha ohksrvad phast spasm donsUtos 
in tarru of glraa-lndepsadaniL radial dlffualon ara pis- 
■anted. 

J. Gaophya, R**. a Rlue, papar 3A0944 
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ABBOHPTIH OP D( EMETIC PBOTCHB BY SATUBH'B RIMO O 
Jews A. Van Ulea (PbyilM and Aatroeoaqr Onartnnt. 

Tta University or lows, Imf* City , Im 522® 2 J 
A zwsHdy hu hasp nds of Pienaar 11 ddts ai the 
8 la Lr Italian nf aMrgotlo protons \ > 80 Mav in 
BsLum'a Innsr iusm tot phara. An lEproyad value of ‘hi 
ratio of thn Grand sourem atrangih a ta ths rodlnl dir- 
fualon ooaffieisnL B In fi.? » 10 -1 ' oa -5 at t ■- S.fi? »e 
(1 b. ■ Saturn's aquatorUL n4Ui « * 0,000 u). Ualog 
tha recently ctlonlntad lower limit on 8 by Btok* «L 
xl., ena find* an oppar Unit, oa cha roan nsl4ai»« 

Lira* T o^lnsb dlffualoa 1,6 * 10 1 a (l> ynrai In the 
xajor pmk of ths dtotribuLLHi, uharoat using Mr - 
earlier sit! .ate of B, on* finds T« 8.2 » 1®* * IT.O 
years). Th* two aorrssposdLng deismisnlLoo* ef 0 ara 


co-orbUlag raUlUtis 1579 83 ugao BSf ua bl. - 
Tbs seas Ufrk|u t Of dnargSLie peatoas ngaLnsV 
absarptiah by jartiwIaK anttar to RiM <3, lx « 3.1 * 
lo* a (J.J yosrt) aad - 5.1 ■ W a U.fi jraarm) c6rr*- 
spending to tha Cue ckolesa of B. Thun, using thb 
Voyager data' an nqrwal. opvlcxl opacity n - 3 » 3B~ sad 
on rod tot vldch 6r “ 5«> k*x «"• ftoda ihst Cha par-, 
tlcnlate* In Ung 0 hsta. an effxqltYi qudlns R > • ■ 

0. 015 eh, an gcwaL ran duslly a » It* ■ U™ S -«i» 
and sn arAdl' nuAar density (<•< 10 _s srf 4 . • Tl to 
Uilikniy that k exq,sads 0.1 cm. ' Tb* forag»1pa vslusd 

at a (for utwnsd.tphnrical pariiciiUte* of tagwr leal - 
aU.‘ oT- ths saiie sits) aro ln afreet l)ia .nat-in .. ' 

c a* */< a 7 5 ror a distribution nT aitsa Wham the, ; 
xyjfcol ( b dftjwtu kdia xxwuk roLura' ovar th* dlatrlta- * 
tlon. It -u mu qoabiy msFUln u*at .thara sra aa 
astsUltas having ro«l oT tho ordbr of * kilonotar or ' ' 
larger asaoelstmd with Ring Q aod that oh) *o»* bating 
rddll > 10 4a contribute Lass (ban I0*«.or its Opacity. 

Tho obh rodlha of Rtog.Q Lq 110,800 t-900 kn« , 

1. Gsspbys. Mpa.x B|u|, Paper 3A0907 ( 
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